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undertaken by IDA and is intended to be an authoritative con-
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porting technical paper prepared in connection with a major
project.

A Research Paper represents the work of one or more
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ABSTRACT

Summary tables show, for four lunar months (mid-summer, mid-fall, mid-winter, and
mid-spring), the number cf hours irn which the illumination exceeds leveis irn

e 8 decades from 1.3 x 10'6 lumens per square €oot to 1.5 x 10+l lumens per sguare
foot; the fui: tabies list ihe hours, day by day, in which the illumination

r exceeds the same 8 levels. Note that the sun of the hours nct exceeding and the

( hours exceeding a given level equais a constant which is the total rnumber of hours

in a lunar wonth.

L So that these tables may be more easily understood, they alsc have been
plotted at levels of 1.5 x 10°°, 1.5 x 107>, 1.5 x 10°}, and 1.5 x 10™>. These

E curves show the number of hurs per day as & function of date, the time that

: terrestrial illumination equals or exceeds these values. There are separate sets

of tables for latitudes of 0, 30, and 60 degrees.
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PREFACE

Tre calculatiors reporced herein were performed for the Cffice of Communicaticrn:
and Electronics of ODDR&E at the suggestion of Lucier M. Biberman as an aid to under-
standing one of the many factors determining man's ability to see at night.

The data are designed to indicate day by day for three latitudes the number
of hours when several ncminal valees of rocturnal illuminance from sunlight ard
! moorlight are exceeced. The nominal values chosen cover eight orders of magnituce.

The tables presented herein are based upon calculations and approximations
employing circular orbits. Longitudinal effects are ignovred.
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PART 1: SOME COMMENTS ABOUT UNITS AND NOMENCLATURE

Perhaps no branch of physics gives more difficulty with recards to nomenclature
than that portiorn corcerned with radiant energy and power in the region of the
electromagnetic spectrum to which the eye responds. This stems from a number of
factcrs, possibly the most import being that Light and related Lumirous (or photo-
metric) quantities are not basic physical quantities but are defired cdirectly or
indirectly through measures in which the physiological response of the humar eye
(caylight adapted) is the means of measurement. As 3 result, we have the
definition:

Light is the aspect of radiant energy of which a human observer

i{s aware through the visual sensations which arise from the

stimulation of the retina of the eye....Light thus defired is a

psychophysical concegt. Light is not identified with either

radiant energy or visual sensation. The photographic process,

radiometric power and the erythemal potency are examples of

other aspects of radiant energy. Light, however, is the

aspect of radiant energy of which human observers are aware

rhraugh the intermerdiate agercy of the eye and the sensation

and perceptions resulting from stimulation of the retina.”

Long ago, before precise understandings existed concerning radiant energy and
its derivative effects, there was a need for standards of light-related measures.
The standard candle was born--and now that physics has better means at its dis-~
posal tc¢ create standards, and has done so, the older sperm-whale oil definitions
have been changed to take advantage of better radiometric standarcs, Dut--iiie
human eye is still the relating factor that transforms, both in fact and ir zon-

cept, radiant power into light.

Thus, we have the problem of a precisely defined unit, the cardels, which

when measured by an imperfect radiation detector, the eye, gives the "proper" value

of Liyht, bLut wher measured by a perfect (i.e., uniformly respcnding) instrumental

detector, produces too reat a response. The perfect detector medsures the radiant

property »hile the eye —easures the luminous property; the two are related. The
response curve of the light-adapted human eye, the relating function, is shown ir
Fig. 2.

*The Science of Color, Optical Society of America, 1963.
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FIGURE 1 The Photophic Response of the Eye e
(Prof, Dr. Dietrich Hahn, Dr. Joachim Metzdorf, %
Dr. Ulrich Schley, and Dipl, Phys. Joachim Verch, ',5
Seven=Place Tables of the Planck Function for the )
Visible Spectrum, Academic Press, New York, 1964.) b
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FIGURE 2 Luminosity Curves for Scotapic (rod) and Photopic (cone) N

Vision, Since the Maxima are Arbitrarily Set at 100, these )

b Curves Give no Information About the Relative Sensitivity r
g of the Rods and Cones (Hecht and Yun Hsig, 1945)

One other probiem icoms. The science of photometry is the comparison of
L light-reldted quantities. The problems of photometry are straightforward whenever J
one deals with a comparison of nearly monochromatic light. But when the colors
cf light are different--the measurement of an invensive property of things that t
- are qualitatively different gives rise to the queasiness often experienced when
coaparing apples and oranges. How does one compare the brightress of a yellow
lamp with that of a blue lamp? il

Fortunately, the sersation of light may be stated to be proportional to the

>

i
irtegral of the radiometric power incident upon the retina multiplied bv a reriral :
L

+

response function. This furction weighs each wavelergth to which the retina
responds by an amourt Tc which the retina would respond if exposed o radiation 4
in which radicmetriz pcwer were equal at all wavelengths.

frem all tnis ore comes t©2 2 Zefl
2% any photcmetTic Juantity ¢ 1ts ragicmetric counterparts, i.e., the iumin

o]
efficiency of radiart erergy. “Calculated ir reras of iuminous and raci -t flux

for instarce, luminosity

(23 i >
. P, dx ¢
L )

.
o




The ratio of the integrals is the luminosity of P, relative to the maximum

possible luminosity Km of radiant energy. This ratio may therefore be called the
relative luminosity of P, and may be denoted by ¥y, so that X = K. Although K

i3 customarily specified in terms of lumens per watt, any radiometric quantity

may be multiplied by this factor to obtain the corresponding photometric quantity,
bs it luminous flux, luminous energy, luminous density, lumincus intensity, luminous
enmitrance, luminance, or illuminance."*

To add to all the above, we have Engiish units very commonly used and which
in this paper we shall use., These values of illuminance of illumination--terms
that are used interchangeably, although illuminance is preferred--are expressed
in "foot-candles,” which are lumens per square foot. Tn our paper, both the
terms "foot-candles" and "lumens per square foot” will be used interchemreably.

Lastly, we have the terminology of the astrophysicist who goes his own way
with still a further set of concepts for radiometric terminology--we shall not
consider the stellar magnitudes, but we must consider surface brightress as
radiance, which when modified by eye response is luminance. The astrophysicists
use units of ergs/cm2 steradian second or photons/cm5 ster:¢ iian second for surface
brightress (radiance).

Chamberiain, Hunter, and Rcach define the unit Rayleigh as follows: If 1
is surface brightness in units of 106 photons/cm2 steradlan second, the 4nl is a
rayleigh.

The use of these urits and their related systems of units, like multiple
foreign tongues, can be mastered cnly through frequent use.

"
Jehn, w.T., The Science of Daylight, Cpticali Society cf America, 1uss.
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- PART 2. INTRODUCTION :
One of the many factors determining a4 man's ability to see at night is the amount -
of light on the scene or illuminance. Astrophysical and geophysical phenomena f
.
provide the sources of illumination (illuminance) on the one hand and attenuaticon Q
o
, on the other. Examples of the mcre significant natural sources 9f light are the S
! moon and night glow (known as airglow); examples of sources which are not significant ﬁ
and inappreciably affect night vision are light from the Gegenschein (see Fig. 4)
and the planets. 2
- ;1
3
;'l
t
(&f_‘ ?‘1
s Luminance o
; Phenomenon candles/fti }'
¢ N
Milky way, dimmest region, near Perseus 1 x107° :!'
1
. _ y
I Gegenschein 1.5 x 1072 ;
Visible night glow {zenith) 2 x107° ¢
Milky way, brightest region, near Carina 4 % 1C7° :5 _
Zodiacal light (30 deg elongation) 1.1 x 1¢7? £
e 4 '.‘l
i visible night glow (edge-on) 6 x 107% A
Great Qrion nebula M42 5.6 x 107° .
Full moon a4  x 10%° Z
Fluorescent lamp, 4500 white 4 x 10*2 :

FIGURE 4 The Luminance of a Variety of Celastial Objects. The Fluorescant Lomp
j is Shown for Comparison {from Dunkelman and Hennes, 1965)
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First let us discuss radiation sources and the irradiation upon scenes with-
out reference to their effect upon the eye. We shsll use radiometric units and
terminology.

It is practicable in discussing passive light sources to divide sources of
night irradiance into the variable and the relatively steady components. The
relatively steady component is made up of the night-airglow, or nightglow, the
2odiacal light, and integrated starlight, all of which are frequently lumped
together and called light-of-the-night-sky. While we speak of this as being the
relatively stable component ¢f right irradiance, it is known from mary obser-
vations that the nightglow, for example, varies frequently as much as a factor of

two and even more (up to a factor of five) from season to season, and it also has
latitude effects. However, compared to the variable component of the irradiance
available at night due to the moon, the light of the rnight sky indeed is quirte
stable.

The variable component is, of course, the irradiance produced by the sun and }
the moon. The lunar irradiance is a strong function of the phase of the moon and
the angle of elevation of the moon. In the case of lunar elevation, however, the
change of irradiance is very significant from moonrise to the time when tnhe moon {
is up, say, i0-deg or s&, and then frem 10-deg lunar elevation to moonset. During
the period between the 10-deg elevation points, the irradiance varies very little }
with lunar elevation. On the other hand, lunar phase (relative to the sun) is
extremely important (see pp. A-1l2 and A-l6).

The quality of moonlight is essentially that of sunlight (Dunkelman and
Scolnik, 1959; Malitson, 196S), but reduced considerably in irraciance (due to
low lunar albedo) and modified spectrally according to Fig. 8. !

For problems more directly concerned with vision we now turn our attention
T0 eye related quantities and will use luminous (photometric) quantities ard
terminology.

Solar illumirance for various solar angles of elevation and lurar illuminance
for several phases are shown in the appendix, takenr trom the extensive work of
Brown (1952). Due to the difficulty in obtaining copies of Brown's work, it hac
been reprinted as an Appendix.

for one interested ir pursuing indeperdent calculations, it shkould te

apparent that the spectral distritution of sciar irradiance outside the atmosphere

KB JT

is well knowr (see curve M = 3, Fig. 5). This curve, however, is not the onre that
applies to solar spectral irradiarnce at sea level. The strong spectrally deperdent
processes of absorpticn and scatter modify the incident radiation from the sun
according to tne path iength traversed. The curves lateled M = 1 through % = 9,
show the net results of the action of a "clear atmosphere” tor patn lengtns

eqguivalert to gir masses of 1 through 5.
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n P = 760 mm pressure

or 60 W = 2,0 pr. cm woter vapor®

O = 300 dust particles/cmd

o 0.28 atmo = cm Ozone® 2
QX (m=0) (Solor comtant) = 1322 watts/m
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FIGURE 6 The Spactal Distribution of Light from a Cleor Sky;
Also Shown is the Curve for a Blackbody at 11,500°K,
(From J.W,T. Walsh, The Science of Daylight, London,
1961)
The colour of the clear blue sky is by no means uniform., Opposite
the sun the sky is bluer thar it is in the sun's vicinity, Tke colour
temperature on an exceptionally cleor day may reach 60, 000°K
(16.7 mireds) but an overage for the zenith sky ot Clevelond on o
large number of ordinarily clear Gays wos found to be 13,700°K
(22 mireds),
10
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FIGURE 7 The Spectral Distribution of Light from Sun and Clear Sky
(From J.W.T. Walsh, The Science of Daylight, London, 1961)
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The radiance and color of the sky also appear to be as they are--instead of a
black star-studded dome--because of these same processes. This is illustrated in /
Fig. 6 and 7. [

At night the solar radiation reaching the earth has traveled through a long
path refracted possibly ten to fifteen degrees from below the horizon and multiply
scattered. Thus, the spectral content of the sunlight incident upon earth at
right is strongly modified from that incident upon earth at the outer fringes of i

p—

the atmosphere. {

Moonlight is sunlight reflected from the surface of the moon. It is subject \
to all the effects discussed above for sunlight, but in addition is also modified ‘
by the selectivity reflective characteristics of the lunar surface (see Fig. 8)
and the attenuation of the inverse square of the path. !

For detailed, precise calculation, all this must be considered. The con-
sideration of these factors resulted irn a discrepancy (somewhat less than a factor
of two) between the relative value assigned to moonlight in this report (2.3 x h
10"® of solar illuminance for tne equivalent solar angle) and the 3.0 x 1078
in the data of Brown. We have adjusted Brown's data accordingly in our calculations, s

used

but have not modified his material reproduced in the Appendix.
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AR

[

[

-y
B

SNUABN Y

<




PART 3: NATURAL ILLUMINANCE LEVELS

Ir rature, the range of illumnination exterds from 10,000 foot-candles, occurring
at high noon in clear sunlight (the sun produces an illuminance of approximately
12,500 foor-candles above the earth's atmosphere), down to 102 foot-candles at
full moon, 10°4 for clear mconless night sky and finally 10'S for overcast night
sky.

To hawe a feeling for what these illuminance levels are, it seemws oroper to
give a few examples of how well one can see and photograph at the illuminance
levels. A young, trained observer can begin to be able to discern large high-
contrast objects at an illuminance level of 10-5 foot-candles. If the illuminance
is increased by three orders of magnitude to 10'2 foot-candles, which is the level
of full moonlight, seeing is much improved and it may be possible to make out
large nevsprint. At the 10‘2 foot-candles, it is barely possible to discern
color; a little more than an increase of one order ¢t magnitude is required before
solor can be readily distinguished. At this level of more than 10'1 foot-candlas,
visual acuity becomes quite good and is very high at 10 foot-candles (the i-vel
of good home and office lighting).

teligr mogiitude

203 4 3 6 7 8 % 0O 1l 37 13 4 3 M 17 g 19 20 B 2 23 M4 29 NI
Lumens per 3q.
* o* w0 0’ o' 0" 1 © o w' 10°
. h y - ; L e — —
py P ’D <! < 1 ot o! [ ot
Lumens per 3q. maeter
jarsecanti H¥ I H . o N lagayere! ?
So | foer el Ml ’ P >
{ ;
Tels et Viery L amt” \OeCR 1 @T uahgy
.o os Cd £
Aa/TCA, T, gy ot LT €, Tt e

FIGURE 9 Ranqe of Natural llluminance Lavels
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PART 4: THE CONSTANT COMPONENT ¢
OF NOCTURNAL ILLUMINANCE :
i

V- The sources of passive light &t night, as pointed out earlier, have been divided g
into twe mejor components, one being highly variable and the other relatively
stable. The former 1s moonlight, whose contribution we have seen varies from .

. zero (new moon) to more than two orders of magnitude (full moorn) greater than }

r &.7 cthar components (reglecting solar twilight). The relatively stable component, 5.
the light-of-the-night-sky, is discussed in this section of the report. r

l: The light-of-the-night-sky, recently reviewed by Roach (1963), Krasscvsky >,
and Sefov (1965), and others, consists of three major sources: astronomical, v
interplanetary, and geophysical. In picking out the relevant information and . &

gs numbers, the units used by each author will be given in the text but in the charts ;-
and tables of summary these are converted as necessary and only the more commonly g

- used unizs will be given. For 2xample, Roach, in discussing the approximate .

- visual r.diation at various locations in the universe, uses as a unit of luminance, M
Slo(vis), the "number of 10th magnitude (visual) stars per square degree” as shown R

- in Fig. 10 (from Roach, 1963). ¢

In the work here we are concerned mainly with the column on the extreme right. v

m Of the 451 le(Vis) units, 30l are of astronomical and interplaretary; 150 SlO(Vis) :

e units or one-third of the visible light-of-the-night-sky is of geophysical (air- o

’ flow) origin. On a moonless night, then, these sources of light provide the flux 4__

i by which to see. E

: However, as is well known, these sources and the airglow irradiate the earth V -
throughout the visible region and well irto the infrared, as is shown below with N

E an irradiance level several orders of magnitude higher than in the visitle.

) The nightglow (treated in the authoritative book by Chamberlain (19€l), ard ,i
others”) includes strong emissions, Soth atomic and molecuiar through the visitle )
ard well into the [nfrared as shcwn in Figs. 11 and 12. For refererces, Figs. 13 { 
and 14, reprcduced from Roach, show the strong OH spectral radiance distribution ':

- Roach (1364), Krassovsky, Shefov (1965), O'Keefe et al (1963), Roach (19f3), ‘

Gush and Jones (195%), Krassovsky, Shefov and Yarir (1962), Hunter, Roach g
and Chamberlain (19%5¢€).
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. Absbste srvath insensity
v‘r Seerce Waveiength . —
g Rayleghs Evps.cmYcolwrm) . sec—?
> e - ] -
OH 0381043 $000000 36
. 0410, 1 atm) 9643 A 300 1.0 % 100
H1 (He) €363 A (4 48 x 107
. ol 6300, 8364 A 2 62 x 10-¢
NaJ $990, 3996 A 30 feummer) to 1.0 » 10-¢10 6.8 x 10~¢
200 (winter)
ol $5Y7A 290 89 x 10~
‘ HI (KD 4861 A 3 1.2 x 107
I Or (Hervberg Bands) 3000 10 4000 A 1500 38 x 107
Ny M4 A (40) ¢ 20 x 10
Continuum 4000-7000 A 900 50 x 10~
(Nigitglow) (0.3 R/A Mean)
Contimyum 4000 1.5 x 10-%
(Astronomical) (1.3 R/A Msan)

FIGURE 11 Nightglow Emissions {lorgely from Krassovsky, Shefov and Yarin, 1942)

) L h
Night Shy
m un 400 14 x10°? The absolulc emissica Intentitcs are given an
= o1 6100, 6364 300 94 x 10" Raykighs (R1} and m crgjemisce (). N1~
Nai $KY) ummcr 30 10 x 10 ¢ 198 x 10 ' Rujd Ry» S0 x A « [), where ).
: winter 200 &8 x 10 1 the wavekngth in A, The aserage sasonal
H, [ 310 [} 45 vt values of the 1 $STTAL 16300 A and 16368 A
H,? 4861 3 12 x1i0* emnsions of atomic oaygen (O1) and the 4
' o, BG43 (0 1) usm 500 1L x 10 2 589) A emusion of sodium [Nal] are given.
N Herzberg bandsy 1560 88 x 10+ The intensity of thc emasvion identilngd with Iy
(11} Total for il bandy 5000000 36 . 1 4861 A was determined from Yaan's obscrva-
Continyum 4000-7300 by | A 2 69 x 10~ tions 1n Yakutsk.
Total for whnoie range 600G 21 x10
Twilight Shy
. o1 6100, 6364 1000 31 x10°* The tolal raduation intensity of all the OH
N Nai 3¥9) summer 1000 Jaxi0? bands 18 obtained from sthe data in the tablec on p.
. winter 000 8 x 10" 8. Since the continuum varies groatly the
Lil (3 % O x10° average specirum intensaty i the 22 4000-7000 A
Hel 10830 1000 19 x |g 2een range 13 given. The 18436 A emussion intensity
o]} 446 [}) O x 10t * of Ol 13 measured from obscrvauons in summee
twilight 1n quiet magnetc conditions.
. FIGURE 12 Averoge Emission Intensities of the Night ond the Twilight Sky
Q; (From Krassovsky, Shefov, ond Yarin, 1962)
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Absshate intorary * Aboviutg intenslly ®
Wave- Tran i rayleighs Weve- Trom = rayletyt -
hengret: srien (Onasasaiam lrwgth sition [(e TV T Y]
o> (A) (v e} Sav, 1999) oir (A) [ORY 4 Sav
INGS *0 002 ] 5-2 ’
41y -0 o2 11433 63
44108 *i an 12115 T-4 1
4640.6 10 on 12094 | ) 100
490).3 ) pR § 1347 94 1300
S04 *-2 1o 1433 -0 45000
$IM (=] a 15047 -1 14000
35622 -1 n 13624 &2 89000
30863 -2 b 2] 16682 3.3 90000
61686 5-0 3 17642 4 32000
61360 9-3 1o 15734 1.8 11000
64963 €-1 130 19997 -6 34000
68617 1.2 30 21496 97 17000
T4 L 3 520 28007 1-0 920000
7521.8 40 0 po b 2-1 $20000
71483 94 70 30854 32 640000
AT $-1 90 3248) ) 4950000
$341.7 62 1800 M S-4 350000
;’u.l 13 2500 3634 63 250000
9130 -4 3400 3674 16 130000
9M80 30 3100 41409 -7 110000
10010 93 3600 4 9-3 65000
10 -1 7600

FIGURE 13 List of OH Bands in Order of Wavelength
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T T T T
THEFBAAL RACIATION FROM

LOWEN — 273K AkeQlu
P AR TS D‘.. e 0“(1.3 ?

O BANCS

Iy

LOG INTENSITY IN

TRANSMISSION  ERGS oM couam sez”
. b
>

03 10 15 20 2% 30 318 40 4% %O
WAVE LENGTH IN MICRONS

FIGURE 14 Above: Distribution of Intensities* ond Wavelengths of the Rotatiomr
Vibretion Bands of OH in the Nightglow; Observed to about
1.5 u and Predicted for Wavelengths Longer than 1,5 4, Also,
the Absolute Intensity of the Thermal Radiation from the Lower
Atmosphere for o Temperature of 275°K, a Slit Width of 0,1 4,
and an Emissivity of 0,3
Balow: The Transmission of the Lower Atmosphere vs, Wavelength

Nast present day terminology apolies the term “intensity®
a; in radiont intensity to point sources too small to be
resolved. The terminclogy in this table is a quote from
the original source.
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from the visible to 4.5. The lower section of Fig. 14 shows the well-known
spectral transmittance curve of the lower atmosphere.

Another source of radiatior in the night sky is the phenomena of the aurorae,

common in the high latitudes and rare in the low latitudes. As interesting as the

aurorae are, from the geophysical and display points of view, this source of light

must be disregaided as too variable as far as night vision is concerned. At best,

one can consider the additional and highly variable flux as a bonus for the high
latitude regions.




PART 5: ATMOSPHERIC TRANSMISSION

In the tables presented hersin, the cata cn the incident flux from scler, lunar,
and other light sources have taken into account the trarsmittance losses between
the source and the sarth's surface. In problems relating to night vision, the

path lengths between target and observer are relatively small. Figure 15 (taken
from Dunkelman, 1952) illusctrates that in the visible regior, atmospheric trans-
mission per se is not a major factor except, of course, where fog would probably

make the general level of ratural night illuminance too Low to be useful.
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PART 6: CALCULATIONS OF THE ILLUMINANCE
FROM THE SUN AND THE MOON

The illumination reported herein is computed as the: sum of the sun’s and moon's
illumination, disregardinc all other sources of light.

The procedure adopted basically is that of establishing the relative positions
of the earth, sun, and moon at 1S5 minute irtervals over a one year period. See
Part g "Computations for the Moon's and Sun's Positions in the Sky."

Knowing the position of the sun and the moon, the illumirance due to the
sun and moon and their phase angles as a function of time is plotted. From a
knowledge of this geometry, one can us2 the tables and curves of Dayton Brown
(see Appendix) to construct a second set of curves to represent the illuminance
from the sun and moon separately. The values for the full moon are scaled down

from solar values by 2.3 x 1078

and are multiplied by the dependence of the
brightness of the partial moon on its phase angle from the light curve (see
Appendix). The next step is the summation of these two sources to yield the

illuninance from the sun and moon, assuming no cloud cover (Fig. 16).

The c¢ »utations of illuminatiorn start at the moment of the eclipse ol
May 20, 1966, at 7:50 a.m., Greenwich time and Greenwich longitude. Computitions
were performed for three different latitudes--3°, 30°, and 60° --ard at eight
different levels--1.5 x 10'6 to 1.5 x 10+l--in lumens per square foot tO cover
the interesting ranges of illumination.

The time for which the illumination is greater than a given level was then
summed up over a 24-hour period and presented in hours/day and percentage of a
24-hour period. When the illuminance passes through the givern lignht level, the
fraction of the time for which the illumination is greater than nr equal to the
given level is found by linearly interpolating for the illumipation in the com-
puted lS5-minute interval.

Refraction, due to the eartii's atmosphere, i< neglected in the position
calculations an¢ theretore the zenith distance used in the illumination calculation
is the trus rather than the apparent value. A position error of as much as 26 arc
minutes occurs when the sun and moon are near the horizon.

The results of these calculations are shown in both plots and £ables. The
upper set of curves in the following figure illustrat2s *he zenith angles of the

sun and the moon for one lunar month. The second pair of curves indicates the
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solar and the lunar contributions to surfece illumination while the lower curve
represents the solar plus lunar illumination a8 & function of time. Jt is q:i'w
apparent that ths sun and the moon and the contributions therefrom to terrescrial
{lluminat{on follow & cyclic psttern. The frequency of this pattern i{s different
for the sun and the moon 20 that the solar and lunar contributions to terrestrial
illunination go into and out of phase. This results in some rather striking effacts
concerned with tha number of hours of terrestrial illumination that may be expected
at varifous levels of {llumination. This may be noted, for example, in the datca
for a full moon. In cases, however, where the phase angle between rhe sun and

the moon {s small, such as the beginning of that lunar month (i.e., May 20), one
can see 3 very gradual decrease in the number of hours at a level as a function of
ircreasing level. Here there i{s perhaps & shift in the third or fourth place ir
the period of time concerned as a function of lewel, while in the case of the full
moon (i.e., mid-lunar month), the curves tend to be rather precipitious.
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PART 7: THE TABLES

The fcllowing tables are based upon the calcuation of illuminance from solar and
lunar origins computed at 15 minute intervals. These intervals are sorted into
groups lying above 1.5 x 107® foot-candles at sea level, 1.5 x 10'5, etc., to

1.5 x 10*1. The times in these groups are summed and printed into tables as the
nunber of hours that illumination exceeds the eight chosen lewels, for each day

of one year beginning with the eclipse of 20 May 1966.

The tables are again summed to give the "Summary Tables," presented firsc--
the number of hours in which the {lluminance exceeds the given lavels for each of
four lunar months. The supplementary tables, "The number of hours that the
illuminance does not exceed the level,” are given for the same four months.

The tables shown list four significant figures in order that valid trends
may be noted. In actual use, two significant figures are appropriate.

The calculatlons are based upon a rormally clear but real atmosphere. For
the estimation of more realistic conditions, cloudy skies may be considered to
reduce the level of mocnlight by ./IJ, heavy overcast by 10.

To repeat: The values listed in the tables may be con3idered supplementary
to the more or less steady state value of airglow, which is approximately 10'4

foot candles.

For most cases, airglow contributions are trivial compared to either sun-
light or moon-reflected sunlight (moonlight). Airglow becomes of interest only
when moonlight or sunlight contributions drop te about 10'4 lumens per square
fout.

For ease of envisioning the results, the tabular data is also presented as
a series of gyraphs. 1In these graphs, and there is one set for each of the three
latitudes, we plot the number of hours per day at cach of four levels 1. x 10*1,
Ls x 107} 1.5 x 1073
with 20 May 1966. Since the lowest light level will be equaled or exceeded most
frequently the curves appear with that expected order: i.e., 1.5 x 10’S is the
uppermost curve and 1.5 x 10+l is the lowest curve, (Fig. 17)
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SUMMARY TABLE A

Number of hours per month in which illumination at earth's surface on a clear
day exceeds a given level for each of three latitudes.

A
GRELTEN Tran GREATER T=~aN GEELTEN THAN GREATER Tran *a
1.5x1feErke=6 1.5xicexPes 1.5x10EYP=¢ 1.5x10ExXPagy .
.'.
wUN YAy, 21 A1, 21 358,39y ugegt 959,49 77.9 ave , ey 71.61
SEP Ska A1 A1,15 $6A,3? ag.21 54p, 4P 7764 SC0.80 71.9%
TEC Sk, 57 LR 2 S49,63 Ay.8a S5ay,248 78,08 §03.7% 72,388
vaR S44,89 49,48 354,58 89.2% 541,51 77.41 S$01.90 72,11
GUEATE™ TmaN GREATEN Taah GREATER THAN GREATER ThaN
1.5x1-E12P=2 L.Sxlngyr=g 1.5x1ugxpPey 1.5xinExXPey
8 Juh ang e 58,16 Inp, V¢ 64,712 $72,91 55,954 364,94 $2.00
114 407 4n SR, 64 379,16 S4,4R0 374.35% 53,38 361,97 €y,9¢ .
TEC 4ng, 5 57,94 dnn, K c4,.7 375, ,9~ §3.59 361,99 £2.00 "
vAR an7 R? &R, §9 $7A,AQ G4.44 379,52 §3,39 341,47 4,94 1,
)
KR!
Latitude 30 ﬁ.
%
N GRELTER THan GREATER Tw=aN GREATEN THAN GREATER Twas -
1.5xifexP=e 1.5x10EXP=-5 1.5x1vErP=-a 1.5%10ExFe3
UM 6ng, 77 44,80 5965,9¢ 2y ,6¢ 578, 5 82,69 531,04 14,3k
SEP 572,24 82,22 545,15 ag.2n 545,1¢ 78,35 5r1,11 72.00
rec val,21 14,87 St9, 84 27.%7 919,20 74,8n 473,51 48,02
Vel 549,47 n RS 503,11 R0, 99 Saa, 56 78,24 5C1.16 72491
-
- GSEATER Twan GREATER TwaN GEEATFR TwaN GREATER Tman
1.5x11EAP=2 1.5x30EXPey 1.5x1upYPe 1.Sx1uEYP ey
TIN 483,94 45,22 447,938 48,64 eXq, b9 642.0% e19,33 Ap,2%
SEP 4n3 g 57,92 384,39 %4,8n 315,53 §3.52 381,44 1,93
TEC L 52,11 $19,9¢ 47.8¢ dup, 04 a5, 0u 118,45 44,35
A ans 7t 58,29 33,55 6S.311 372,84 S8,71 362,90 €2,14 .
vacitude 60
GSEITER Twan GREATER Thas GREETE w THAN GEEATER TraAA
1.5%1-EXxPee 1.5x1nEXP=5 1.5x1igxPkegq 1.5x15kYP=3
wuJh 96,0 . 119,00 076,00 1rv,. 9 CRZ T 1r0.9e £96,21 100,0¢C
Se P ~nR, 27 47,47 et 11 as,19 974, 0¢ A2, 74 514,/ 74.9¢
g X 595, 3¢ 75,48 915,94 74,41 4ar,27 TN ai7.68? Ap,0OF
i vAR Any, 79 AA,4A $Q5,6¢C rS,.87 574,07 A2,%4 S16,%° le,22
-
- GEFATEN Twugw GGEATEN THAN GREATEN THA™N AEATFN Thah K.
1.5x1 ‘€xP=2 1.5x1nEXP=g 1.5xL6ERPeg 1.5xloExbel .
.
UM 896,15 116,09 500,88 IV.24 514.59% 88,34 s?2.01 82,19 »
see 44R,12 Loy ok 41n,87 57.37 14,43 €5,27 366,27 $2,4% )
TEC 272,94 §2,21 /v ,55 33,87 RAE 1.4 136,82 28,11 r
vk 473,47 4n, 24 arg,?m 58,30 179,72 85,90 371,19 3,33

QL RS TIME /0

Latitude O

HOURS  TIMe 0/0

nOURS TIME QO/n

“OukS TIME C/0

T
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SUMMARY TABLE B

Nunber of hours per month in which illumination at earth's surface on a clear

day does not axceed a given level for each of three latitudes.

QRS TIME /9
LESS THaN
1.S% 1 b xPeA
130,7¢ 13,79
11,17 L6,.,8S
126,9" LR, 26
bR B 18,82
LFSS  Taaw
1.8x17ExPe2
293 ,2¢ 41,06
288,80 41,48
292,49 42,02
288 1% 49,49
LESS Twavw
1.5x10EXP=b
93,28 13,40
123,74 17,78
148,79 21,34
126,33 8,45
LESS TmaN
1.5x$0gXPeg
242,06 34,78
292,91 42,09
Ivg .92 47,69
290,27 44,71
LESS THaN
1.5x1ug XPes
or WU
a7 ,2% 12,53
170,87 24,352
94,21 13,64
LESS Tran
L.Sx1aExkey
L 0N .00
277,98 19,94
€23,07 46,79
272,58 9,14

Latitude 0O
HOURS  TIME gyn
LESS Trad
1.5x10EXP=S
147,41 .77
117,43 194727
133,47 “F.1a
117,45 9,78
LESS Traw
1.5x1ugxbk=y
315,10 45,27
314,44 4S.¢7
316,14 IS IYL
J17.11 45,54
Latitude 30
LESS THaAN
1.5x11EXPeS
100.04 14,47
130.45 18.8r
1%86.12 22.412
132,489 19.0¢
LESS THAN
1.5x10Ex¥nal
253,07 346.38
314,61 45.21
3r8,97 82.46
312,45 44 .80
Latitude 60
LESS Twan
1.5%10EXPeS
.00 e
94.h9 $3.61
lan,07? 25.87
120,49 14,43
LESS  TwHaw
1.5x1uEXk=]

5.1?7 .74
20¢, 42 a;. 4
45n,11 45,83
é9n,22 41 .7r

31

MOURS TINME y/9
LESS  THan
1.Sx$08xPeq
1%4.5) 22,49
155,92 22444
152.77 21.98
154,49 22¢20
LESYS  THaN
1.Sx1rEXPeQ
$23,49 46,47
374,65 46,68%
823,02 46,41
374,47 46,44
LESS  THAN
1.5x1°E1Ped
120,44 17434
150,84 21,6R
174 .80 25,44
15\.‘& 21474
LESS  THawn
1.5x10Lxkey
¢ta. 11 37.98
321,49 46,40
$7¢,9¢ $4,17
322.1# 46,29
LESS  THan
1.Sx10ErPegq
0V WOV
119.,9¢ 17,24
dum, 7t 3000
124 ,9R 17,94
LESS THMaN
1.5xitearep
ny,45 11,22
311,32 44,71
475,v*% e8,30
Icn,2m 44,09

Q=S 1IME ¢/0

LESS Than
1.5x10EYP=3
197,59 26,39
196,22 8,06
192,28 el.6%
1°4.10 ¢7,.89

LESS  THan
1.5x1nExvey
334,07 43,00
334,43 48,0°%
334,1¢ 43,00
334,53 43,04

LESS  Thaa
1.5x10€ExP=}
164,40 23,6872
154,99 28,00
222,49 31,97
194,84 27.99

LESS Tran
1.5x1UExPey
27¢.67 319,79
334,58 4R, 07
tR7, 56 €%, 6P
333.13 47,94

LESS Tral
1.5xlntxPe}

P 00
181.27 26,0°%
278,358 49,09
179,4" 6,7R

LESS  Thaa
1.5x17€x% ey
123,99 17,81
329,73 47,38
$C0. 4" 71.89
224,814 48,67




TABLE 1

Number of Hours in which tHlumination

Exceeds a Given Level

Zero-Degree Latitude

33




SRR SEUSSE R P

LK )

S L SRAr

DAy

CF Twg

YEaR

AY
NAY
mAY
MAY
Ay
wAY
MAY
MAY
»AY
MAY
PAY
MAY
JUb
JUN

»AY
MAY
MAY
TWAYT
MAY
MAYT
»AY

20
21
22
23
24
23
26
27
28
29
30
31

20

2

22
23°
24
r
26

»AY T 27

MAY

28

GREATPN THN

1.5x10EYPeé

—

MAY 29T

rAY

30

¥AY T 31T

JUb
Jomr~

_._?n

=0t'RS  TIME /0

14,78 31,44
14.7% 41.44
15,46 64,32
16,49 68,73
17.53 73,06
18, 48 77,02
19,42 89,92
20.2? 84,27
2n.99 27,46
21,74 90.60
22,50 93,74
23.3¢ 97.3¢
24,07 100,00
24 ot 110,00
GREATEN THan
.5% 10EXPe?

13,44 55,99
13,44 55,97
13,44 56,98
13,43 $5,9¢
13,‘3 55.9'
13,43 $5,90
11,48 $5,95
13,42 55,94
13,4¢ $6,01
13,48 58,17
13,54 $6,30
18.58 §6,.9
13.54 $6.43
47,6m 74,98

AREATER TwanN
1.5x10€EYPeS

wOUURs TImWp 0/n

14.70 f1.29
14.70 41.2%
14,73 AL.34A
16,01 46.7y
17.18 71.98
18,1% 75.79
19.13 79,72
1’.96 .3015
20.78 AS .50
21.9%8 A9,9%
22.37 93.24
23.16 6.9
23.9? 99.87
24,00 100,00

GREATER Twmah

1.5x {0ExPwy

13.3¢ 54,72
13,14 54,7%
13,44 54,77
1‘015 9‘0’9
1d.160 54,84
13,16 54,84
13.1?7 54,88
13,17 54,088
13,.9 S4.90
14,18 84,95
13,18 54,93
13.19 54,98
13,17 54,96
13.19 64,96

Zero deg: Page )

35

GREATER THaN

1.5%10EXPwa

HOURS  TIMg 0/n
14.31 59.62
14.31 59.6)3
16.32 59,647
14,46 60,24
15,78 65,76
17.20 71'6‘
18,34 76,49
19.33 80,93
2n.23 84,39
21.08 87,72
24,87 91,14
22.69 94,55
23.52 97,99
24,00 100.00

GREATER Tran

1.5xA40ExPe0

12.87 $3. 0
12,686 53,60
12.8¢ 55,99
12,86 53,57
12,85 53,55
12.685 53,93
12.64 53,96
12,83 58,49
12,83 S3,44
12,682 ss!‘c
12,83 53,36
12.80 58,32
12,78 3,27
12.77 53,42

LR

glzix!lo L L L

Lt et PR
o

et il e el we

[

GREATEN Twah
1.5x10EXPe]

n0URS Timp rn/0

13.7¢ 57,44
13.74 £7.43
13.78 §7.42
13.78 97.42
13,78 $€7.44
13,79 €7.47
14,46 60.27
16.82 70.08
18,32 76,31
19.47 81.,1¢
20,54 8%,53
21.%3 89,74
22.51 931.79
23,52 98.01
GREATE™ THah
.5x L0ExP ey

12.45 $4.68
L8, 45 91,08
12,45 53,09
12,48 $1,93
12,47 51,96
12,48 94,99
12,48 52,02
12,49 52,0%
12950 92007
12,5%0 92,10
12.51 52013
12,52 92,15
12.%2 52,16
12,%2 52,18




1 R
| .
L
QREATER THaAN SREATER THaAN QREATER THAN GREATER Tuan .
1.5%40CxPed 1.5x10EXPeS 1.5%40CMPed 1.5x40ExPeY | N
DAY v
0' ?"t ’ -
vEak WOURS TIME 0/0 HMOURS TIRE 048 WOURS TIME 073 WOURS TIME 0/p PR
- v (]
JUN 3 24,00 100,00 24,00 100.00 24.00 10000 24,00 100400 !
“JON & 24,00 160,00 24,00 100.00 24.00 100400 24,00 100,00
JUn B 24,00 100,00 24,00 160.00 23.9%2 98,460 22,59 94,14 e
JON T & 23,38 ~99,22 28,14 96,68 22.6% 9,22 21,48 89,34
CJuM 7 22,44 3,36 23,17 02.36 21.63 90,482 20,24 04,34
JORT & 24,47 89, 46 £1,2¢ e8.30 20,60 06,19 19,08 2049
JUN ¢ 20,60 85,08 20.37 84.99 19,77 82,37 17,07 T4 48
JUR 10 19,74 82,24 §9.49 81.13 18.07 78,04 16,48 68,%8
. oJUd 4l 10,97 79,08 58,70 7.92 17.97 74,87 14,68 6402
JURTIZT 18,20 78,04 17,91 %¢.462 16,90 Y0.7¢ 13,06 7%
JUn 13 17,4 72,99 17,07 73.41 185,84 45,98 11 7 7.3¢ .
JUR 14 16,82 08,04 16,10 47,09 14.9%¢ 60,47 13,77 27,39
JUN 1S 18 84 68,47 14,92 62,48 14,38 85,03 13,79 87,44 i
JORT 16 14,78 04,44 e, 41.28 14.33 89,72 13,80 7,90
GREATER THaN GREATER TwaN GREATER THAN GREATEN™ THaM
1.5x10€xPe2 1.5x30EXPwy 1.5x40EXPe0 1.5x10ExP e}
JUN 3 49 49 8y,21 13,19 56,97 12,76 53,13 12,53 52,19
JudT T4 (9 a4 74,35 13,19 84,98 12.74 53,30 12,53 82,20
Juh 5 q3,82 S6,33 13,20 84,98 12,74 53,30 12,93 52,21
JUN 67 44 83 - 856,36 - 48;20 54,99 12,7% 93,80 12,53 52,21
Juh 7 43,83 S6,30 13,20 54,99 12.7% 53430 12,53 $2,22
JUN 8 43,52 56,34 14,20 4,99 12.7% LXTRY 12.53 §2,23
Juv 9 43,51 56,28 13,20 54,99 12,75 58416 12,9} s2,24
oub 10 43,49 56,23 13,20 54,98 12.76 53,46 12,53 $2,20
Juh 11 3,47 56,19 13,49 54,97 12,76 55,23 12,%¢ 2,19
JUN 32 4}, 48 ‘56,00 14,19 54,96 12,79 53,03 12,5¢ 58,17 -
Ut A3 43,44 55,08 14,19 54,95 12.81 53,37 12,%2 92,15
Juh 44 <3 42 55,94 13,18 54,013 12,82 S5, 48 12,94 $2,33
Jud .9 43, 48 85,96 13,18 54,92 12,84 53,49 12,50 $2,09
JUN 16 43 4s 55,908 13,17 64,90 12,89 53,54 17,49 €2,08
[ 201
i
L}
Zero deg: Page 2 ,
,
[P,

36




GREATER TmaN

1.5x4NEYPes

AanEATER TwaN
1.Sx LPEXPeS

GREATCR THaAN
1.5x10CXPed

“OURS TImp o0/
16,71 61.20
4,7 81,28
14,93 62.21
14,94 82,23
18,58 e,
16.71 69,64
7,67 73,69
8,55 77.30
9,37 LA
20,14 nt.99
20.9%4 a?,21
91,72 99,49
22,63 G4, 3¢
23,50 97.9g

GREATCN TwaN
1.5x 10ExPey

WOURS  T(ME 0/0
14,34 89,73
14,34 $9,79
14.40 60401
14.6) 40,09
14,47 60,29
14,86 6.9
16,44 88,50
17,61 73,37
14,58 77,43
19,48 84,07
24,32 84,66
21.1¢ 88,16 -
22.0% 91.88
22.94 95,60

GREATER THaN
1.5x LUEXPeQ

GREATEN Thah

Dav
eF Tmg

. YEao HOHRS  TINC /0

e .

=] Jun 17 14,78 61,44
JUN 18 14,78 61,44
JUN 19 14 .99 82,47
Jum g2 15.0?7 67,78
JUN 21 16,17 67,37
JUN 22 17,18 71,48
JuN g8 17,99 74,94

[ Juh 24 18,85 78,83

; JUb 2§ 19,65 2,09
JUN 26 o0.4X 85,42
Jun 27 21.20 A8, 35

{' JUn 22 21,90 9q.88
JUN 29 72.8% 95,20

L Juh 30 23,73 98,69

, GREATER Trman

f 1.5% 1LEXP=2

- Jun L7 14,46 S8, 01
JUN 18 14,45 S6,09

‘ Juh 19 13,45 56,04

£ JUNTT 200 13,45 56,00

: Juh 21 13,48 56,07
Jus o 22 13,44 56,07
Juh 28 13,44 56,40
Juh T 24 13,47 56,11
JUN 26 13,47 96,13
JUN T 267 18 a7 $6,14
JUN 27 13,48 98,19
JUn - 28 18,4" 56,406
Juh 29 13,44 6,10
JUNTTIO 13,4F 56,10

R

1-

]

1

b

- - - » ‘ e M ‘v - - - R el v - - e L w " T v - - " " ™ 2 e Te N e .\ Y R S
Kt e R e S e ¢ WA A AR A A A AN e N AT el e lmtire” Al e e e AL e
e

13.17 54,87
13,108 54 ,8¢
138,18 54,81
15.1> 54,78
13.1¢ 54,74
13,13 54,79
18,12 54,64
13.80 £4,59
15,09 54,954
14.0/ 54.47
13.00 54,490
13.006 54,42
13,v0 54,44
13,00 54,43

Zero deg: Page 3

12.80 55.598
12.87 S35,62
12.88 $39.65
12.88 55.68
12.5' 53./0
12.489 S3 78
12.9¢0 55,78
12.90 53,76
12.91 $8.77
12.91 3,78
12.91 53,79
12.91 S3.79
12.71 93.79
12.91 93,79

1.5x10EYRe]
MOtIRS TIMF ¢/0
13,014 $7.59%
13.02 27,59
13.83 97,63
13.8¢ £7,6?7
13,88 87,72
18,87 27,80
13,9 €7,95
14,01 86,36
15,07 63,31
17.31 72,44
18,60 77,48
19.71 82,12
20.78 86,60
21,87 91.11
GREATEM Than
1.5 CExXPey
12,48 $2,03
t2.487 51,96
12,66 51.71
12,95 1,99
12,46 1,90
12,406 51,90
12,46 4,91
12,46 $1 91
12,496 91,91
12,406 51,91
12,40 €1,%2
12,48 51,92
12.46 51,92
12,406 51,92

&
%
)
*
K]
'
A
b 4




‘W.
i
GREATER TupN ANEATER TwaN GREATER THaAN GREATER Tuah "
1.5x10ExPe¢ 1.5%x10€XPeS 1.540E%Ped 1.5x4 0€EXPey l N
W)
DAY ' l
or tme ¥
YEan HOURS TIME 0/0 “OURS TIME 0/0 WOURS TIME 0/0 HWOURS  TIME 0/0 N -z
ULt 24,00 100,00 24,00  100.09 24,00 100,00 22,95 ", 61 »
JUT 7~ 24,00 100,00 24,00 100,00 24,00 100,00 24,00 100300 -
JuL 3 24,00 100,00 24,00 100.00 24,00 1004090 24,00 100.00
JUC T 24,00 100,00 24,00 100400 24,00 100.00 23,18 9,99
Jub 8 23,96 99,77 23,69 98,74 23.1? 96,83 22.13 92,19
JUL- &  22.99 95,79 22.04 9%.08 22.2% 92,74 24,07 87;7%
Jub 2.1 92,94 24.98 91.49 21.3° 89,44 20,04 83,38
U8 21,42 89,27 24.47 A8, 20 20,56 8s, 66 18,94 78,8 \
Jub ¢ 20.6% fs,03 20,39 YT 19,72 82,49 17,74 73,084 i
TJUTTIU- 19.88 02,79 19,80 i, 88 18,04 78,80 18.43 67,22 '
Jub 81 19,02 79,26 18,76 78.46 17,68 74484 14,06 30,60
JOU T2~ 18,22 75,90 17,00 74,88 16.73 69,74 13,89 £7,86
Jub 43 17,32 72,47 16,94 70.47 18,22 63,42 13,02 57,97 \
JULfT 16,38 68,18 13,78 §%.78 14,39 59,9 13,77 7,39 .
GREATER Tmanm GREATER Tman GREATER Tmak GREATER Tran
1.5x1GEXPe2 1.5x10ExPed 1.5%x 10€xPel 1.5% 1CExPey
Jut 1 14,72 61,32 13,08 84,48 12.91 53,78 12,46 81,91
ol 2 48,33 76,38 13,09 54,93 12.90 53,77 12,40 54,91
Jub 3 48,73 78,05 13,10° 84,57 12.90 53,76 12,46 51,91 J/
JUL T 4 46,31 67,97 13,11 84,84 12.90 53,78 12,46 $1,99 .
Jut 5 13,48 56,17 13,12 94,¢5 12.%0 53,75 12,46 84,90
JULT 6 13,48 56,16 13,12 84,69 12.09 53,74 12,46 14,90
Juk ? 13,47 56,14 13,13 54,72 12.088 55,69 12,45 1,89
JUWT 8 13,47 56,42 13,14 54,75 12,08 53,660 12,45 51,89
Jub % 13,e8 56,08 4845 54,78 12,87 53,66 12,45 51,08
owl 40 13,40 56,0° 13,15 34,80 12,87 53,64 12,46 91,91
JUub 11 13,4 5¢,02 13,16 84,02 12.8¢ 53,58 12,67 51,95
JUL T 12 13, 4e4 55,99 13,18 54,84 12,05 55959 12,48 51,99
JUubL 13 13,43 55,90 13,17 56,86 12,84 53,5 12,486 92,02
JULT 147 13,42 55,94 13,17 84,87 12.03 53,48 12,49 52,04

Zero deg: Page 4




e ——-

-~

GREATFR THaN AREATFR TwaN GREATER THaN GOEATEN Tran

; ‘ 1.5x1NLyYPeg 1.5x 1AEXPes 1.5x {0€XPue 1.5x 1rExPuy
© Day
) oF Twg
i YEaO ~01RS  TINE asp “QUARS TImMf n/p WOURS TIxg g/9 nOURS  TIME a/n
i JUL 18 15,25 63,32 e 1. 30 14,32 59,44 13,75 $7,29 .
Jut 16 14,78 61,44 14,70 41,24 14.30 59,58 13,73 $?,22 (A
JUL 17 4TS 81,64 14,70 T 14.29 59,%6 13.73 $7,22 L
JUL 18 1478 51,44 14,70 1,28 14.29 59,54 13.78 27,22 ¥
JuL 19 14 75 61,46 14,79 1,24 14,29 59,5% 13.73 $7,22 Iy
JuL 20 5 4 As,22 14,72 41.3% 14,29 SY,54 13.73 €7,22 &
. Juk 21 +6.3¢ 48,05 15.85% 86.,9% 14,42 60,08 13,713 €7,23 s
5 JuL 22 17.19 71,81 16,03 70,43 15,48 64,49 13,74 £7,26 .
' JUL 23 17,97 74,88 17,87 73,62 16.6?7 69,48 13,78 £7,34 -
JUL 24 1AL Y8, 06 '8, 46 75.9% 17.67 73,64 14,16 £5,01 W
JUb 29 «9.5¢ 2,38 19,34 LS 18,63 77,53 16,07 66,96 ﬂ
JUL 26  2p._ 4t Ag,42 20,14 24,05 19,52 21,33 17,53 73.05 2
JuL 27 21,04 88,51 21,04 .67 2n.45 85,24 18,77 78,24 :
JuL 28 22.?7 22.89 21,96 91,84 24,42 89,298 20.00 83,33
I GREATEN Tryw GREATER Twman GREATER THan GREATEN Than
{= 1.5 1 Exre 1.5 16EXr=y 1.5x 10EXPeg 1.5x 13ExP+y
i JUb 15 43 .4, 59,91 18.17 S4.88 12,83 93,64 L4y ]
: JULT 16 13 .4y 55,8Y 13,17 56,89 1%.52 58,49 ig.su 33185
HUb 17 g3, 55,87 18,18 S4.30 12,61 53,36 12.%0 5¢.10
- JULTTIE T g 5,40 55,84 13,10 54,9y 12,80 538,32 12,91 $2,12
JUb 1% g3 55,82 15,10 54,91 12.79 53,28 12,91 52,13
JULT 7200 13,489 55,79 14,10 €4.92 12.7¢ 58,23 12,91 S¢.1e
JUL 2L 13,3y 56,77 14,10 64,92 12,77 53419 12,%¢ $2,415
JUL T 22 q3,38m 55,75 18,19 v4,92 12.7¢ 538:15 12,92 €2415
Jub 23 q3.3n 55,77 13,10 54,93 12,7 $3,11 12,92 92,16
- JULT 24T 3 ar §55,8¢ 14,38 %a.93 2.7¢ 58,39 12.52 $2.16
JUL_.QS_ 13.41 55,87 14,10 54,93 12,76 538, y9 12.%2 $2.168
JULTTR8T 4y 4y 55,95 14,18 54,93 12.74 535,49 12.92 S¢e1?
JUL 27 3 ac 56,0¢ 13,10 54,93 12.74 54,09 12,52 €2,17
e JULTT28 13,40 56,06 14.10 54,93 12.7¢ 53.09 12,52 $¢,17
-

Zero deg: Page 5
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ﬂ
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nyx

GREATER THaN
1.5x {NEYPeé

Dav
of TNE

YEA® HWOURS TIME 0/0
Jub 3¢ %21 96,69

JUCT YU 24.00 100,00

Jub 31 24.00 100,00

YT 1T 24,00 100,00

UG 2 24,00 100,00

AYG— 3~ 24,00 100,00

‘UG 4 ?S.SD 970'0
G- "3 2.4 0¢,75
aUG o 21,99 91.61
U 21.23 88,45
aUG Py 20.45 85,22
UG- 9 19,60 fy,8?
auG 10 18,70 72,92
A06 YT 1.7 73,81

24501

GREATER THaN
1.5x L GEXPe?

JUL 29 3,47 56,11
TJULTTI0T (3,40 56,10
UL 31 47,63 70,97
AETTTL 49,08 79,39
Wi 2 qe8,29 76,19
WG 3 44,0¢ 62,3
AUG 4 43 a7 55,91
UG S 43,41 55,680
AUG 6 43,39 55,78
A0 7 43,37 55,71
AUG 8 43,3% 55,64
s UG 9 43,34 65,58
AU6 30 43,33 $5,54
G 11 43,32 55,52
R RAE .Y LRl AR SN VN

gREATER TuaN
1.5 NEXPeS

HOURS TIwg 0/9

22,95
23,98
24,00
24,00
24,00
24,00
3,36
22,56
24.77
20,97
20,18
9,32
8,38
7,38

05'62
99.8p
100.00
190.0"°
100!9
100.00
e7.38
94,09
90,78
R7,34
Ra,07
AQ. 48
76.5¢
72.30

GREATER TwaN
1.5x 106ExPey

13,38
13,16
13,18
13,18
13,18
13,10
13,16
13,18
13,18

S38:14-

13,18
13,17
13.17
13,17

Zero deg: Page 6

Sy A w O, Tl h,

$4,93
54,93
54,93
54,92
54,92
54,92
54,92
54,94
54,9¢
54 0'90
5‘090
54,89
54,00
64,88

I
(]

GREATER THaN

1.5% 40EXPad

MOURS TIME 0/0

22.42
23.43

93.43
97,63

24,00 100.00
24.00 10%.00
24,00 100.00

23,67
27,84
22.01
21.21
2n,.38
19,47
18,48
17,3%
15.9%

GREAYER 7
1.5x S0EXPe0

12.7¢
12,74
12.74
12.7¢
12!’.
12,76
12.7¢
12,74
;2'7‘
12,76
12.7‘
12.7¢
12,74
12,74

98,62
98,47
91.72
86,37
64,93
81,44
76,99
72,29
66,48

HAN

53,09
53,09
°38.09
55,09
53,09
53,09
53,09
55,09
53,409
53,09
53,00
53,06
55,08
53,08

GREATER Tman

1.5x 10ExPe}

MOURS TIME ¢/0

21.22 88,40
22,39 93.31
23,52 97,9¢
24,00 100,00
23,72 968,84
22,72 94,68
z1.77 90.72
20,78 Bs,58
19,75 a2,29
18,60 77.%0
17,12 71,34
15,02 62,60
13,84 €7.67
13,78 $7.20
GREATER Tran

1.5 10ExPe}
12,82 $2,17
12.92 $2417
12,92 $2417
12,92 $¢,17
12,52 $2417
12,52 €2,17
12,52 52,16
12,52 52,16
12,52 $2,16
12,%¢ 52,16
12,%2 $2,45
12.9%2 $2,15
2.9 52,14
12,91 £2,14

el ataf e’ Al 4

Wyt a8y ny s

ey

I oy ea e e
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.. - BN S J . . - . . - T e A F e Cidmees L s 8 d vme et ende

ATFATEw Thgn ROFATER TwanN GREATENR THaN GREATEN Twmyr
1.5x1FFyHes 1.SX1NEYP=S 1.5% 1rE¥Ped 1.5x1"ExPey
L DAY
CF Twfp

. YEaG N WS TImE rzn =0IRS TIME g/a OUkS TT4F g/p HOUNS  TImME /9

L )

5 AUG 12 1A, 49,56 16,20 ~7,91 14,42 60,09 13.72 §7.:0
AUG 13 *5.Ae 45,18 4,91 A2.1% 14,26 59,42 13 72 7,17
sUG e 14 .7¢ 49,44 14,69 A1.2? 14,23 59,29 13.72 £7.1?
WG 15 14,74 Ay,e3 14,09 41.21¢ 14,23 59,28 13,72 7.6
G g6 14,74 49,43 14,69 A1.2¢ 16,23 §v,27 13.72 €7,16
auG 1?7 <4 .74 Ay, 43 4,689 41,21 14,27 59,27 13.72 £7.15%
AUG 18 16,7 41,52 4,069 41.2¢ 14.23 59.27 13,72 €7.15%
UG 49 +5,8° ~5,37 16,09 42.89 14.2% 59,36 13.7? €7.15
AYG 20 A4S 48.71 16,11 47,4t 14,6h 60.2% 13,72 €).16
WG 21 0 7. 4n 72.33 7,01 70,88 15,7* 69,748 13,73 £7,19
auG 22 1.2 76,83 *7.9n Y4, 14,94 70,60 13,74 87,27
WG 23 r9.a¢ 79,35 c8L TN ML 24 17.9v 74,94 14,69 81.19
LUG 24 9,9k 3,23 “9.74 22,11 19.01 79,20 16,61 €9.219
AUG 25 24,9~ a7,34 20,89 0h,29 20.0¢ ag,50 18.15 7%.64

GugatTen Tman GRELZTEW Twan GNEATEN THaN GREATER Tran
1.5% 1-Eare? 1.5 0ExP=1 1.5x 10LxPep 1.5x 1uExPey

el 12 13,3, 55,51 18.17 $4,88 12.74 95,08 12.9% 58,14
alyy 14 13,48/ 55,%1 18,17 54,87 12.74 8,98 12,51 52,13
Ay te 13,34 56,5¢ 18.17 54,86 12.7¢ 93,00 12,51 Sd.12
AUG 19 13,338 59,54 13.1¢ 54,89 12.74 S$.y8 12.%1 $¢411
wllG 1~ 18,84 $%,5> 18,1¢ 4,84 12.74 58,48 12.51 $2.11
anuG 11 13,34 55,90 13.18 54,063 12,74 EERY'L tZ.% $¢.10
ully |4 43 3a 55,59 13,10 $54.82 12.7e 55.y8 17.%0 $2.08
aJe 19 43,584 56,60 18,15 $4.01 12.74 SSeu? 12.%0 82,07
ANLIG 20 13,388 56,64 13.1% 54,79 12.74 $3+10 12,49 §2.05
Al ) 13,35 55,64 18.1> 54,78 12.7° 53514 12,49 $2.02
AL 2?2 43,3a 99,66 18,14 54.76 12.76 98,47 12.48 94,00
AtHs 23 18,37 55,67 15,14 S4,74 12.7/ 55,22 12,47 51,98
atbe 24 18,47 55,71 1.1 54,72 12.7b 53:46 12,47 51.9%
AUG 29 18,4 59,74 18.14 4,70 12,7y 53.49 12,46 51,91

a

L

Zero deg: Poge 7
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GREATFR THaN GREATER TuaN GREATER THpAN GREATER Twah

1.5Q0gyPed 1.5x10EXPeS 1.5 10CxPad T NEYPeS
Day T
or Twg
YLa® wCIIRS  TIME 0/0 HOURS  TIwWF 0/0 HOURS TIME 070 HOURS TIMF 0/0
oY
aUB 26 21.95 91,46 21,69 eo.de 2130 87,92 9,82 B4.d2 "
22.9% .93 22,08 04, an 22.13 92,20 20.60 08,69
AUG 28 23,08 9,22 23,64 08,49 23.42 96,32 22.04 ®4.70
AQU"T29° 24,00 10,00 24,00 100.00 24,00 10000 25,09 .21
avé 30 24,00 100,00 24,00 100,00 24,00 10000 24,00 400.00
AOG 32 24,00 100,00 24,00 190.00 24,00 100.00 24,00 100.00
sfF 1 24,00 150,00 24,00 100.00 24.00 100400 23.33 97,21
sgp” 2 23.,9¢ 99,75 23,74 e8.8¢ 23.32 97,20 22.42 93.40 .
str 3 23.1° 96,97 22.99 vh.67 27.54 93.9%0 21.4% 89,38 !
s 4 22.3¢8 03,26 22.17 92.37 21.7% 90,44 20,38 r4,93 '
144 s 24.5¢ 9,96 24,32 AB.0S 20.81 86.72 19.18 79,94
SEP &6 00,00 86,29 20.44 "s.48 19,08 82,72 1,717 74,0% .
sg? Y 19,78 A2.22 9,47 f1.44 18,79 78,34 :5.0% 66,03 Y.
SEP- 8 18,74 78,40 10,47 76.98 17.64 73,49 13,88 $7,7% ) ‘:
QREATEN THAN REATEN THAN GREATER THAN GREATEY Twal "
1.5% 10EXPe2 1.5 0gxPey 1.540EXPe0 1.5% 10ExPey a :‘.
aubk 26 13,88 55,76 13,12 84,47 12,80 55,33 12,49 93,08
“age T 2?7 13,39 55,79 13,14 84,04 12.01 53,87 12,44 81,04
AuG 28 13,40 85,01 13,10 84,60 12,02 83,44 12,44 91,09
JUG 29" 18,26 63,97 48409 54,96 12,03 5hyed 12,44 $1,09
FYTI R 1 18,79 78,29 13,08 84,99 12,03 83,40 12,45 81,06
AU 3 19.47 84.44 43.06 Carde 12.0¢ 83N 12,43 51,006
sEP 3 17,089 74,96 13,09 84,37 12.8% 3,54 12,49 54,87
SEv 2 13,49 ‘96,09 13,03 84,30 12,08 55,95 12,45 $4,87
sev 3 13,4% 56,04 13,04 $4,23 12,00 53,98 12,49 81,07 ‘
CEP” 6 13,45 $6,0¢ 12,99 84,14 12.0¢ 58460 12,49 51,00
SEP 5 13,40 56,00 12,99 84,34 12,087 $3,61 12,49 854,00
sgr b 13,48 55,98 12,9 84,1¢ 12.8?7 94,63 12,49 94,08 3
sep 7 13,43 55,96 12,99 94,44 12,87 55,06 12,45 93,00
'Y Jal | 13,43 58,95 12,99 94,34 12.48 54,09 12,49 81,00

Zero deg: Poys 8
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.

QEEaTER Tugw GREATER Tuan AVEATER THaN GOCATEN Twan

1.5x1nCvPes 1.9x10ExP=5 1.5% 1°F3Ped 1.5x1rEYP=]
Day

OF Twg
YEao wNi i TINr A/ “0URS  TImr o/n ~nids  TIef 0/n =013 TImf a/n
e ’ 17,74 73,93 17,44 v7.8% 14,32 67,99 14,79 97,31
B { LAY ] 16,74 0,79 9,37 aAf, 20 14,74 fL,an 13,70 $7,09
[ { (¥ 18,74 65,00 «8,28 ,3.47 16.23 89,24 13,6 6,99
s 12 14,7 41,83 14,47 an, 20 14,1% 58,98 13,07 I TYRL!
[ LY ] 14,81 6n,.a0 4,40 sn,27 14,16 58.94 13,06 46,92
11T 14,8 ap 40 4,44 ar,27 16,18 58,93 18,69 .09
sE» 38 14,8° 40,80 14,40 hr,9. 14,16 58,98 15,06 S0.8¢
T { Y 14,80 Ap,40 14,46 40,27 14,14 %8,92 13,04 56,089
sEP 7 16,0 A2, 42 14,40 Lo, 32 16,14 A, 990 15.6% ¢o, 89
sE? 30 5,92 6,32 8,4y 44,20 14,2% 89,36 13,64 0,97
SE¥ 19 14,79 AQ, 06 n, 44 &h,40 16, (8 t2,63% 18,0/ 0.9
sEP 20 «7,97 74,87 (7,04 13,40 14..4% AN, 34 13.7% $7,3n
sE? 24 M, 9y n,96 ALla 77.,¢4 17,67 758,62 13,92 7,99
sEP 22 19,98 1,11 Y, LRI 1) 14,83 78,44 19,09 t6,2¢

GUEATR™ Tmpw CREAIEN TuaN GREATEN THAN QRLATEN THaA
1.5y rapel 1.5x30gyPey 1.5%20C3ve0 P SE1 STLT]

e 9 4,60 59,94 14,99 S4.14 12.00 $5.49 12,49 84,00
L 13,¢8 99,94 12.9v 4,14 12.08 95,69 12,9 51,09
%P 1} 18,¢2 59,946 12.Y9 94,4 12,080 $5, 0% 12,49 84,09
SE¥ 12 18,47 85,94 12,99 54,14 12.87 84,04 14,45 54,00
80 1) 18,4¢ 4,92 12.99 54,14 12,0/ 5t,04 12,4 54,00
LT L 14,42 95,91 12.v9 84,14 12.8 24,02 12,4% $1,88
LY A 13,42 5,90 14,79 54,48¢ 12.0¢ S840 12,49 31.b8
SER 1A 13,4} 95,00 14.99 $4,3¢ 12.00 98,58 12,05 54,87
sFEe 0/ 18,43 89,00 13,03 $4,23 12.0% 9699 12,4 51,87
sfF )4 18,40 99,84 14,ud 54,34 12,0 94,99 12,6% 91,04
SEv 1N 18,4 $5 .84 14,05 54 38 12,84 93,48 1¢,45 53.0¢
wWr 2 13,3 85,80 14,07 94,49 12.8¢ 95,43 11,44 91,05
sFk 2] 13,87 95,79 13,08 se, 94 12,03 24,48 12,44 91,09
¥ 22 14,37 $s8,7Y 14,09 4.5 12.00 93,48 14,44 51.04

Zero dagr ?age 9




GPEATPR THaN aREATER TwaN GREATER TraN GREATER Tran
1.540¢yPeé 1.5% A1 nEXPoS 1.5 1nEXPed 1.5x 1nEYPe}
Day
oF THE
vEar ~01IRS TIME n/0 =OURS TIng 0/0 mGUIRS  TIME 0/0 MO1IRS  TIME /0
stpr 23 20,94 87,24 20,63 né.04 19.92 83,02 17,78 74.07
21.69 9,28 24,63 90,419 2n.96 87,35 19,24 8p.48
sEP 28 22,74 94,74 22.93 93.6A 21.93 91,38 20.59 85,64
3T 28 28.68 9,95 28,44 ¥7.9¢% 27.8¢ 95,24 21.7% 90,45
sgP 27 24,00 100,00 24,00 1n0.0¢ 23.69 98,74 22,74 94,73
sy 28 24,00 100,00 24,00 100.00 24,00 100,00 23.72 %8,82
sEP 29 24,0 1n0.00 24,00 100.0n 24,00 100.00 24,00 100.00
sEP 30 24,00 100,00 24,00 100.00n 24,00 10000 24,00 100.00
ocTY b} 24,00 100,00 24,00 . inf.0n 2%.9¢9 99,98 22.92 95,50
per 2= »23.73 98,86 23,47 7,77 25,97 95,74 21.68 9g.38
ec? 3 22.94 95,44 22,68 94,47 22.10 92.09 20.51 6,71
6CT - 4 24,98 9.%? 21.74 00,46 21.14 868,07 19.57 64,54
oCT § 20,99 87,47 20,77 26,53 2n.1? 63,83 18,18 75,75
ocY & 20.0% 83,8¢ 19,77 R2.34 19,03 79,34 16,49 48,72
QHEATEN THaN GREATER THaw GREATENR THaAN GREATEN ThHAMN .
1.5x10€xPe2 1.5.10ExPey 1.5%x1GEXPeg 1.5x16ExP ey o g
«g® 23 43,89 $5,80 13,11 64,61 12,70 58,27 12,45 S3.86 .
SpY 24 13,40 $%,82 13,32 84,68 12.77 93,20 12,46 54,91 : y
sgr 25 13,40 55,08 13,13 54,69 12,75 58,13 12,47 51,96 .
sy¥  2é 13,40 55,04 13,34 64,72 12.71 54,06 12,48 §2,00 :
gy 27 13,40 55,02 13,14 4,75 12.74 53,06 12,49 52,03
sgr 28 18,40 75,41 13,1% 54,77 12.74 53,07 12,49 52,06
&gP 20 19,69 82,04 13,19 54.80 12,74 53,07 12,50 52,08 ;
SEP 30 14,88 78,07 13,19 54,089 12.7¢ 58,07 12.%0 52,10 -
necr 1 19,09 66,22 14,36 54,83 12.74 58,07 12,9 £2,11
0cT ™ 27 13,32 85,49 14,16 5¢,08) 12.7¢ 58,07 12,51 52,12
°c1 3 1’.82 ss.‘o 1‘01‘ s‘." 1207. 53007 12151 52|12
acT ¢ 13,3 §5,40 13,16 54,04 12.74 93,07 12,51 52,12
rcT 5 13,30 55,43 13,16 56,03 12,74 53,07 12,94 52,12
6CT " 47 13,3¢ 55,40 14,18 $4.83 12,74 3,07 12,2 ez

A
Y

S

N
TP

,
-

L fé:F:;S:

Lo
S o

o

oA

Zero deg: Poge 10
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S I I T T S r TR L INY SO PP e e = e R

GErater Tugw RAEATER TwaNn GREATER THAN GAEATEN Thath
g . 1.5x1 " Fvvep 1.5xngxPes 1.5 rEXP=4 1.5 0EYP=]
¢ "DAy
CF Twg
- YEAQ «0RS  TINF ayg «aHS  TIME o/n =ALIRS  TINE g/q0 w0 TTWMF e/
'a 6cTY 7 «9,n* 79,40 <4, 7 v8.47 17.9% T74.6a 14,26 €9.4%
ocT ¢ <R.1? 75,%0 17,79 74.30 14,77 69.84 13,78 €7,35%
acT 9 7" 71.60 *4.82 70.97 15.4¢ 64,49 13.72 €7.15
ocT 10 16,2 47,67 15,82 45.9% 54,88 39,99 13.71 €T.13
aCY 11 19, 4 ~a,19 4,74 ay,48 14,23 59,34 13.71 €7,12
ocT 12 -4.7¢ 41,43 14,09 41.20 14,21 59,22 13,71 €7.11
oct 13 16,74 Aq, 438 14,69 41.2n 14.21 $9.,2¢ 18,74 €7.19
| oCT 14 14,77 Ay, a8 14,69 41.2n 14,21 $9,2¢ 18,79 €7.10
{ ncT 1% 14,74 h1,43 14,48 41.2n 14.21 59,24 13,70 €7.09

ocT 16 c4, 51,44 14,68 41,21 14,22 59,23 13.72 £7.09
oct 1’ 15,4 665,14 14,78 42,%9 14,24 $9,3% 13,70 £7.09
f oCcT 18 14 A 49,31 16,16 a7,3% 14,448 60.17 13.71 €7.11
| 6cT 19 17,60 73,56 «7.27 71.9% 18,93 66,34 13,72 €7.16
‘ ocT 20 8 47 77.80 '48,385 76,45 17.3 72,27 13.74 €2.26

; GutaTEw Thran GREAIER Twan GHEATER Than GRe ATER Tran
v 1. 5xivEuaP=2 1.5x10ExPwy «SXx 10ExXPeQ 1.5x10ExP e}

[

ver ! 13, 8¢ 55,40 13,18 84,92 12.74 93,47 12.951 $2,11
el " 13, 8v $S,42 13.16 54,84 12.74 958407 12.50 €2,10
acr 13,31 55,45 18,15 54,89 12.74 58,07 12.5%0 52,09
wer e 13,82 $5,50 13.19 $4,79 12,74 S$.u? 12.5%0 $¢.07
7D B B 13,34 55,54 13.15 S4,78 12.7 55.97 12,49 $2,05
aCt 12 13,34 55,58 18,14 54,76 12.74 93,47 12,49 $2.02
aCr o 13,385 £5,69 13,14 $4,78 12.7% 55,14 12,48 £2,00
AT 1e 13,35 $.,67 14,19 54.73 12.77 5540 12,47 51,98
Gero1n 13.37 55,70 13,18 54,74 12.7% 55,25 12.47 $1.95
OCT 1A 13,30 56,78 13,148 54,69 12.79 5839 12,406 §1.,9¢
ocr v/ 13,48 $5,70 18,12 84,67 12.80 9344 12,49 $1,89
uer  1n 13,39 56,79 14.12 64,65 12.81 58,48 12,45 51,086
uer 1 18,4c 55,81 18,11 54,63 12.82 93,48 12,44 $1,8%
uCr 29 18,4y 55,84 13,11 54 ,8¢ 12,83 53,49 12,44 51,89

-y
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Zero deg: Page 11
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GeEaTeR THaN aREATER THaN QREATER THAN GREATER Tral
1.5x1nEYPeé 1.5x 10€XPeS 1.5x 1NEXPad 1.5x 15ExPeg {
DAY od
of T™E
YEA®R WwOU'RS TIME 0/0 wOURS TIMg O/0 WOURS TIME 0/0 HOURS TImf ¢/0 ;}

aCY 24 19.66 81,9 19,36 80.60 18,854 77.27 14,90 62,09 L
wet—27 20.5% 88,82 20.31 (T Y! 19.64 01,82 17,19 71.64
aCt 23 21.46 89,43 21.20 ab.34 20.63 85,99 18,77 78,22 .
LT I%  r2.2¢ 92,67 22.0% 91.88 24.92 89,07 20.02 83,40
t21 25 23.00 95,02 22.87 05.3n 22.37 93.22 21.12 87,98
6CY 26 P3¢ LI L 23.65 08,84 23.19 98,61 22.12 92.17
ocY 27 24,00 100,00 24,00 100,00 24.00 100400 23,04 96,01
Y 28 24,00 190.00 24,00 100.00 24,00 400400 24,00 100.00 '
o€ 20 24.00 100,00 26,00 100,00 24,00 10000 24,00 36000 N
FEY 30 24.c0 100,00 24,00 100.00 24,00 190,00 23,48 97.7%
ocT 31 c4.0°0 100,00 23,97 99.87 23.41 97,%% 22.39 93,31
NDY {1 »3.24 v6.02 23,02 95.9> 22.44 93,408 21.23 88,47 A
NOVY 2 72,25 92,69 ?2.06 91.9¢ 21.43 89,28 19,97 83,20 :
WOV Ty 21,29 - 88,72 21,07 R7.78 2n.,40 83%,09 18,83 77.62 A

GREATER Tmaw GREATER TMaN GREATER THAN GREATER TwHAM

1.5q0gxPe2 1.5% 10ExXPey 1.5x 40EXPe0 1.5x 10ExPey -
AeT 21 13,1 55,86 13.10 5¢,60 12.83 53,47 12.45 51,96 A
neY- 22 13,41 55,08 13,10 84,59 12,84 53,90 12,45 91,86
scY ¥ 13,42 85,90 13,10 84,87 12,85 53,93 12,45 $4,086 ;
ACT 24 13,42 sg,92 - 33,09 94,96 12,85 53,54 12,45 51,87
ocY 2% 13,43 35,94 13,09 54,55 12.0% 3,56 12,45 51,87
acT 26 43,48 55,96 13.09 84,54 12,86 53,97 12,45 54,87
ect 27 16,60 69,16 13,09 84,83 12,60 58,99 12,45 55487
ACT 28 19,09 79,82 13,08 54,54 12.8¢ 55,60 12,45 51,08 R
ocY 2% 19,70 82,10 14,08 64,49 12.87 5561 12,45 51,08
0CT 307 17,92 12,9° 13,07 84,47 12,07 53,62 12,45 91,08
oCT 31 13,46 $6,09 18,07 54,47 12,87 53,63 12,45 83,08
NOV 37 13,46 S6,07 13,07 54,47 12.87 53,63 12,45 53,08
NOV 2 13,46 56,08 13,07 $4,47 12.87 53,64 12,45 54,088
MOV 37 13,46 56,00 13.07 84,47 12,87 53,44 12,49 8,00

RS
a————

) l
RXTES

Y LT

Zero deg: Poge 12
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Day
OF Tt
YEAR
NOV 4
~OV S
NOV [}
NQY ?
NQV 8
OV 9
NOV %0
L0V 3
L0V 32
KOV 43
NQVY 164
NOV 1S
NOV 46
N0V 47
MOV 4
L0V 7Y
NGV ]
NOVTT 7T
NV [}
LoV 9T
NOV 10
KOV T 18
POV 12
NOYVTTLI T
NOV 14
NOYT 1S
NOV 16
N0V L7

GREATEN TN

1.SxgrFypeé

HOI'RS  TIME nyg
20.3? Ae, 06
19,46 f1.01
18,49 77.06
7.7 73.76
16,90 7041
16, .na 46,82
+5.17 43,23
14,70 69,44
14,74 6y ,44
14 74 49,48
14,74 61,44
15,1° 43,27
15,27 67,78
17,3~ 77,28
GHEATE~ Thagn
1.5 ExrF=2

15,45 56,40%
13,45 56,069
13,44 56,02
13,44 Se,01
13,44 56,01
13,44 56,53
13,44 56,01
13,44 56,01
13,44 56,01
13,44 6,01
13,44 56,01
14,44 56,01
13,44 56,00
13,44 56,00

GREATER TwaN
1.5x17€xP»S

“QURS

20,30
19,15
18,24
17,48
16,951
15,55
14,71
14,70
14,70
6,70
14.7¢
14,74
15,74
16,96

TINE 0/n

A3, 7Y
79.79
76.39
Y2.4p
A8,77
44,78
81.27
AY.24
61.24
Al.24
61.2%
A1.31
85,57
r0.6¢

GREATER THWaAN
1.5x1GExXxPewy

13,07
18,00
13,00
13,08
13.08
14,09
14,07
13,09
14,10
13,10
18,11
18,11
18,12
13,13

Zero deg: Page 13

84,47
54,40
54,49
S‘US\’
§4,%4
54,83
$4,5%4
4,56
54,58
54,60
§4,62
54,64
54,46
54,69

47

GREATFR THaN

HOURS

19,36
18,35
17.34
14,25
14,98
14,36
14,31
14,30
14,3¢C
14,30
14.3¢
14,31
14,4}
15.3%

1.5x L10EXP»4

TI=g a/n

8Ge74
78 ,4A
72.2%
67,74
62,49
59,8¢
$9.64
59,58
59,54
59 .99
59,680
59,64
60,03
63,96

GREATER TrHaN
1.5x1CEXRs0

12.80
12.40
12.80
12.64
12.88
12.80
12.50
12.88
12.588
12,80
12,%0
12,87
12.%7
12.07

284165
53,65
53,65
58,69
55,66
58,66
53,66
sl’"s
55,65
948,65
58,4085
58,64
948,44
23,68

GREATER TEaA

1.5x1NE¥Pe]

mOUNS  TIME e/p
17.2% 71.8n
15.58 64.7:2
13.94 58,09
13.86 17,74
13,81 £7,54
13,79 €7,4¢
13,7¢% .47
13.7A $7.4;
13,78 €7.42
13,74 €7,.43
13.7v €7.44
13,79 €7,44
13,7 £7,. 44
13,81 €7.49

GREAVEN Thah
1.5x1uExPey

12.45
12,45
12;45
12.4>
12,45
12.45
12,45
12,45
12,45
12,49
12.45
12,45
12,45
12,45

$1,89
S4,89
€1.89
91,09
1,09
51,089
1,89
51,89
54,089
S1,89
S1,09
51,08
91,08
51,08

)
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DAY

JF HE
YEAR

ov

v IV’

ov

18
20

ov -y

ov

Qv

OV

s a3

rLl

26

Qv 2T

Qv

oV

ov

28
29
30

[T 1

LoV

NOV™

sov

13
19
20

MOV 21

NOV

woVv

A QV
\OV
»QV

NOVT 27

AQV

28

NOVT T 28

\OV

39

REC T 1

GeEAYFR THaN

1.5x10EYPeg

wOI'RS TIME o/0
18,32 76,32
19,23 8p,11
?20.11 8y, 7¢
20.93 87,22
21,70 90.42
22.44 93,58
23.2°? 96,76
23,99 99,95
24 00 100.09
24 .00 100,00
24 on 170,00
24,07 100,00
23.6n 97,90
22,957 94,03

GREATER THaN
1.5x 10EXPe2

13,44
13,44
13,44
isl“
13,44
13,46
13,49
13,54
17,59
19,30
18,27
13,46
13,44
13,47

56,00
$6,00
$5,99
55,99
55,98
56,08
56,29
56,30
73,28
80,40
76,18
56,00
Se,00
56,13

GREA
1.5x10

MOURS

17.98
18,95
19,86
20,60
21.‘5
22.21
?22.98
24,00
24,00
24,00
24,00
23,36
22.37

TER THaN
EXPus

TIine o0/n

74.9¢
28.9%¢
82.74
86,14
A9,3n
92.9%
°s.7}
$9.,23
100.00
100.00
169.0n
100.00
97.29
3. 24

GREATER THaAN
1.5%x10EXPey

13,18
13,14
13,34
13,15
13,16
13,16
13,17
3,17
13.17
14,18
13,18
13,14
13019
13.19

Sé,74
%4,%
54,77
54,79
5¢,82
54,84¢
54,86
54,88
54,89
54,9
64,92
54,93
54,94
4,98

Zero deg: Page 14

42

GREATER

THAN

1.5x10EXPed

MOURS TIME 049

16,92 70,69
18,15 75.68
19.19 79.94
20.40 83,7
20.95 87,28
21.75 90.64
22.55% 93,9%
23.3A 97,42
24,00 100.00
24,00 100.00
4,00 130400
24,00 100,00
22.80 95,00
21.79 90,80
GREATER THaN

1.5x3UEXPeQ

12.87 53,62
12.47 $3,60
12.88 53,59
12,86 53,99
12.89% $3:5¢
12.65 53,94
12,84 58,94
12.8¢ 55,49
12,83 55,45
12,68 53,42
12.81 53,308
12,80 5303‘
12.79 £8:40
12,78 55,24

GREATER Twan

1.5%x10EXPe)

HOURS TIME ¢/n
13,8 $7,55%
14,10 98,74
16,46 68,60
18,12 78:52
19,54 80.57
20,41 85,05
21,44 89,21
22.%7 93,20
23,34 97,24
24,00 100,00
24,00 100,00
22,84 95.1%
24,68 90,31
20.47 85,27

GREATE® Trah
1.5x 10EXPey

12,45
12,42
12,45
12,46
12,47
12,8
12,48
12,49
12,49
12,%0
12,54
12,51
12,52
12.%2

1,088
51,080
91,08
51,91
§1,94¢
54,92
52,00
52,03
$2,006
52,09
$¢411
$2,14
92,15
52,17

P,



=T

LA
)
GRZATrit THye GREATER Tugw GREATER THaM GREATEN Twga
’ 1.5x 1 Exvoé L.5x LnE¥Pes . 1.5 10ExPad 1.5x t"€xP=3 .
[ ! * DA ,.
OfF Twg *
i YFa= vCuHS TIME p/g wC'RS  TIME g/n HOHRS  TImg g/n RQUNRS  TINF ¢/0
1 4
£ rEc 2 21.8) 99,27 21.41 89.21 2n.82 86,78 19.27 80.29 _
' nec 3 20.7% Ao, 32 20,47 85,3 19.89 82.47 18,06 75.2¢ .
PEC 4 19,94 A3, 03 D Y ng.99 8,97 79,04 16.70 A9 .94 :.’
pPEcC 9 19 19 79,47 18,489 78.90 18,07 79,30 14,94 62,26 ..
neEs [ 1A, 26 14.29 19,07 75, gm 17.12 i1+39% 13.92 &4.07 A
PEC 7 -7, 40 77,87 7.1 74,60 15.99 86,63 13,76 57,34 “-
PEC 8 16,7 49,59 16,24 47.82 1¢,5%2 60,91 13,74 $7.26 v
nfe o 16,42 $¢,99 +9.1% £5.29 14.37 59,67 13.74 57.24 O
neC 10 e m 4y,87 4.7y A1.23 14,32 L9.68 13,74 €7.2¢ -
nec  1g 14,7 89,44 164,74 Ay, 28 14,38 59.4% 13,74 87.2¢ :
nec 12 e, Ay, ad 14,71 €1.2° 16,57 59,44 13.7% 87.27 ,“.
rEC 43 18,73 4q,44 14,74 4),2F 14,3¢ $9.67 13,78 7,34 g
0. NEC  1e 4 89,70 14,74 #1.20 14,33 39,10 13,78 $7.43 .
' PEC 48 15.9° 84,48 5,28 A3.§/ 14,37 59,87 13.80 7,90 0
MJ
: GheaTen Tran GREATER Tman GREATES THAN GREATER Trak v,
L 1.6x10gared 1.5210EXPny 1.5x4vLaneg 1.5x10ExFes -
nec 2 138,40 56,4l 13.19 54.97 12,76 %319 12.%2 $2,180 OB
} neC 3 13,40 56,35 18,19 ve,97 12075 53,12 12,93 52,19 N
: PEC 4 gy s 36,15 18415 54,98 12.7¢ 93,10 12.%48 5422 )
i nge— 8 13,47 56,19 18,80 54,98 12,74 38,10 12.53 52,21 ()
S NEC & 44 47 58,11 14,0 54,98 12.7% 95410 12,93 52,22 N
nEC ? 05,48 56,09 13,20 54,99 12.7% 55,10 12,54 82,22 !
- neC & 13,40 56,09 18,40 54,98 12.75 53440 12,58 82,23 )
e NEC 9 45,48 34,906 18,40 54,98 12.7% 54,11 12,58 82,20 :
' NEC 10 413,40 56,04 14,19 54,97 12.77 $$419 12,38 92,19 ‘-
RECT 117 43, 4e 56,01 14,19 54.97 12,70 58,27 12,52 52,10 *
s nec 12 13,48 59,9/ 18,19 54,96 12,80 S3,44 12.%2 52,16 ",
: PEC 13 g8 a2 55,9¢ 13,19 54,94 12.8¢ 535,490 10,51 82,14 O
) neEc 14 15.48 55,94 14.10 54,93 12.89 %s.66 12,51 $2,11 i
; neEC 15 15,48 $5,97 14,18 30,91 12.84 53,5¢ 12.%0 32,07 o
| -n :"
i "
(- .
{ <
' .
K

PE
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GREATFR THaAN aREATER TuaN QREATER THaN GREATER Twan L
1.5x1"FYPeé 1.Sx$nExPed 1.5%10ENPed 1.5%10ExPe] -
o
DAY R
of Mg
YEaR MDI'RS TIME n/0 HOURS TIWME 0/0 HWgURS TIME 0/¢ HouRS TIME ¢/0 . W
(%)
pEC &6 916.9% 70,63 16,49 68,70 14,49 60,36 13,63 87.62 ..! L
T 1T 17.8° 74,53 17,92 78,00 16.22 67,%6 13.88 97.84
pgC 18 18.7? 77,98 18,42 76,73 17.46 72,74 13,96 58,19 -~ M
EECT LY 19.eR 81,18 19,23 80.0% 16.49% 76,00 15.29 68,272 i e
nEC 20 20.24 64,34 20.02 63,44 19,35 80,614 17,10 71.2% : .}'.-
fEC 28 21.0"7 87,48 20.82 A, 7Y 20.19 84,14 18,43 76.8n A
nEe 22 21,84 91,01 21,63 90,12 21.03 87,62 19,54 81.41 "3*
pEC 23 ?2.70 94,97 22.44 98,49 21,088 91,18 20.60 8%.83 } A
nEC 24 23,49 07,89 23,34 97.2% 2 e 94,94 21.67 9p.30 , :',:
T 2Y 24,00 110,00 24,00 100,00 23,72 98,02 22.74 94,76 -
pEC 26 24,00 100,00 24,00 100,00 24,00 100,00 24.00 100.00 .
agc— 77 24.0° 110,00 24,00 100.00 24.00 100.00 24.00 100.00 Wi
pEec 2o 4,00 110,00 24,00 1h0.00 24,00 100+00 23,39 97.46 I oy
6TC 29 24.o0c 100,00 23.%0 99.6n 23,38 97,29 22.30 02,94 o
Bt
S - GREATEHW Tnaw QREATEN THaN GREATZR THAN GREATEX THaM \ 2‘:
1.5x10EXPe2 1.5x30EXPeY 1.5% 10EXPeD 1.5x10ExPe | P
. - - . L e— ——e- o Wt
PEC 16 43,44 56,00 13,17 56,89 12.85 55,96 12,49 52,04 r
NECTT 4T 13,45 96,02 13,17 84,086 12.86 55,60 12,48 51,99 . &
PEC 48 13,45 %6,0% 13,10 54,83 12,87 53563 12,47 £1,94 oL
DEC LT 13,46 56,00 18,15 5,00 12.08 54,67 12,45 91,89 i D
nEC 20 13,47 96,14 13,14 54,76 12.089 83,66 12,49 6,89
neC 21 313,47 86,193 13,13 54,72 12.99 55,72 12,.4¢ 91,90 v
pEC 22 13,48 $8,15 13,34 84,67 12,90 83,74 12,46 54,91 =
PEC 23 13,48 56,17 15,14 54,63 12.90 53,76 12,46 51,91 ¢
pEC 24 43 4t 56,17 13,10 54,97 12.9¢ 53,77 12,46 51,91 1) s
rEC” 257 13,48 $8,17 18,00 54,51 12.94 55,78 12,46 54,94 ol
nEC 20 17,49 74,%6 13,07 54,44 12,91 55,78 12,46 81,92 . 4
acC~ 277 18,35 78,96 13,06 $4.44 12.9 53,79 12,46 51,92 ‘ i{:;
nEC 20 16,81 70,08 13,06 54,44 12.91 58,79 12,46 51,9¢ Lo
DEC TRV 13,48 $6,17 13,00 94,44 12.9 53,79 12,48 53,92 ..;.
BNy
¥
w
o
RN
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s
GRFATER TN AREATER TwaN GREATER TraN GIEATER Tear :
1.5xq4rgvees L.SxinExpPes 1.5x 10EXP=d 1.5x 1#Exvey ‘
DAY '.'\'
oF Hf :,"-.
YEAR HQURS  TImg nyo0 HOURS  TIne 0/0 MOtKS  TIME 0/0 HOQURS  TImg £/n ‘
PEC 30 93,24 9,71 22. 5 95.64 22.40 93,45 21.2} 88, 4¢ .
neEC 33 22.31 92,96 22.12 92.14 21.93 8v,69 20.16 83,98 -
JAN 1 21,49 89,53 21,27 88,62 20,67 96,13 19.0? 79,46 *;@“-'
JAN 2 3n.72 he.3? 20,46 rS, 2% 19,85 82,690 17.92 74,64 iy
JAN 3 19.97 A3.21 19,69 22,04 18.98 79,98 16, 48 aH¥,5R 'c'.:-.
JAN & 49 2¢ Bo,02 18,91 78,80 18,05 75,24 14,37 59,49 ‘a:(‘
JAN 5 46 4n 76,69 14,08 75,34 16,98 70475 13.92 €8.00 n
JAR 8 17 a9 72.87 17,14 71. 49 15,64 65,16 13.87 57,78 POyt
JAN 7 48, 5e 69,01 16,04 66,81 14,42 5009 13,84 £7.62 .
JAN B 15,49 84,54 4,72 £4.32 14,34 59.77 13,84 €7,5¢
JAk 9§ e 0e 41,44 14,70 AL, 24 14,32 59,69 13.6¢ €7.5n D
JAM 10 14.0% 49,44 14,70 Ay, 24 14.32 59,67 13,79 €7,46 wid
JAN 11 1406 Ay, a0 14,7n 41,24 14,32 $9.65 13,78 ©7.44 Y.
JAR 12 14,75 49,44 4.7 41,24 14.3¢ 59.613 13,77 €7,36 %
GUEATE= THaN GREATEN THan GREATEW THAN GREATEN TraN o'
1.5 L ExPe 1.5% 10ExXPel 1.5x 16EX9e0 1.5 0kxP ey r
[ ]
pEe 30 l.4c 56,1/ 13 06 $4.42 12.91 53,76 12,40 $1,91 NGy
LT 14.44 56,16 18,07 54.48 12.91 93,78 12,46 51,91 KX
JAN 4 13,48 56,15 14,09 54,53 12.9%v 98,27 12.46 51,91 0
13,47 56,19 13,10 54,58 12.90 53475 12,46 51,91 oy
JAN 3 1347 $6,11 18,11 54,83 12.90 53,74 12,46 S1,v0 N
IR 13,40 €s,09 1.2 54,67 12, 8¢ 585472 12,46 S1,%0 NN
JAN 8 13,40 56,07 13,13 S4.79 12.89 955470 12,46 53490 b
TJENTE 13,60 6,05 13.,1¢ 54,73 12,88 55,67 12,45 51,89
JAN 7 13,4 $6.0¢ 13.14 54,76 12,680 98,65 12.4% $1,89 o
JER—T 18,40 $6,0¢ 13.15 84,79 12.87 53,63 12,45 51,89 W
JAN 9 13,4¢ $6,90 13.15 54,84 12,086 LERY Y 12,46 54,93 ,:.1‘:
JERTIUT 18,44 56,98 13,10 84,83 12.86 55,97 12,47 51,97 Wy
JAN 11 13,48 55,96 18,10 54,85 12.89 58,93 12,486 92,00 o
13,48 55,94 18,17 44,86 12.64 9390 12,49 $2,03 -",:.
o:',
ns:
Ny,
Ll
)
€
RS
‘.
l‘
\
[, ¢
' ~ ¢
) r\'
o
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~
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GREAYFS THMN AREATER THaN GREATER THaN GREATER Thaw

1.5 nEYPes 1.5x 10nEXP>S 1.5%x L0EXPed 1.5x L0€xP=]

DAY

oF Ing

YEaAR =0I'RS  TIME o/0 HOURS  TIMp 0/n mOURS  TTME 0/p MOLIRS  TIWMF /0
JAN 13 15,22 63,44 14,72 81.32 14.31 59,604 13,75 $7.34
JIRTIET 36,19 47,47 19,67 65.30 14,43 60,04 13,74 $7.26
JAN 318 17,01 Y0.87 16,67 69,46 15.16 63,18 13,74 €7.24
"JEANTCTE §7.86 74,41 17,54 73.10 16.50 668,78 13.7% $7.28
JAN 4?7 18,66 77,73 18,37 76,8% 17,94 73,08 13,99 Sh, 28
JAN 48 19,44 81,00 59,17 79.87 18.47 76,94 15,74 65,60
JAN 319 20,23 84,28 19,97 A3.20 19,37 86.7¢ 17,29 72408
JANT 20 ?1.a° 87,94 20.9%7 86,97 20.27 84,48 18, 5¢ 77,26
JAN 21 21,98 91,60 24.74 90.9%¢ 21.22 88,42 19,75 82,28
N 22 22.97 %, 71 22.71 94,64 22,21 92,94 20.95 87,30
JAN 23 23,94 99,84 23.7 %8,79 23,22 96,74 22.14 92,26
JEN 24 ?4,0¢ 100,00 24,00 11r0.00 24,0C 100.00 23,28 96,98
JAN 2§ 24,0 110,00 24,00 100.00 24,0C 100,00 24,00 100,00
JEKN 26" 24,00 100,00 24,00 1n0.00 24,00 100,00 24,00 100.00

GREATER TmaAN GREATER TwaN GREATER THAN GREATE® Thah
1.5x1 LEXP®2 1.5%10€ExPey 1.5x4CEXP2D 1.5x30ExPey

JAN 1) 53,42 55,92 13,17 %4 .87 12.83 S3,46 12,49 §2,05
JAN T14T g3 a2 55,90 13.17 84,89 12.82 53,42 12,50 52,07
JAN 15 43 41 55,08 13,17 54,90 12,81 54,38 12,°0 52,09
JAN 16 43,41 $5,088 13,18 $6,90 12,60 58,34 12,9 $2.11
JAN L7 13, an $5,84 13,18 $4,93 12,79 S$,40 12,92 $2,12
JAN 18 43,41 §s,8v 13,18 54,92 12.78 53,25 12,51 S2.14
JAN 19 13,44 55,98 13,18 54,93 12,77 53,28 12,51 52.1¢
JAN 20 13,46 S6,0¢ 13,8 54,93 12,76 53,17 12,52 52,15
JAN 21 13.‘” 56.16 13013 84,93 12:75 b'sl;s 12132 $2.16
JANTT22 13,49 56,20 13,18 S4,94 12,74 53,909 12,52 5¢,16
JAN 23 13,49 56,20 13.18 54,94 12,74 $3.09 12.52 S2,16
JAN 7247 46,09 67,0° 13,18 54,94 12.74 93,09 12,92 52,16
JAN 25 18,78 78,24 13,18 54,93 12.7¢ 53,09 12,52 52,17
JAN 726 18 48 77,00 13,149 54,93 12,74 3,09 12.52 52,17

Zero deq: Page 18
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GEF:Ten Twugr QREATFR TuaN GREATER THuN GREATEN Tean

1.5x1 " FvPed 1.5xi"FYP=$ 1.5x L0EXPes 1.5x {NEYP=S
DAy
oF Thf
ey YEAR wQw~  Timg n/9 =0RS  TImfp 0/n wQiIRS  Tlwg qg/n wouURS Timgp r/n
~
N JAN 27 2e,0 170,00 24,00 160,00 24.00 100.00 22,54 98,135
JAN 28 23.71 9A,70 23.45 97.7¢ 27.9% 95,64 21.93 91.36
JAN 29 22.9% 95.9%2 20,00 94,9, 27.1% 92+30 20.9% e7.2?
JAN 30 22.1¢ 92.32 21,92 ©01.37 29.39 88,99 19,93 83.06
RTLE ! 1.6 “9.12 21.49 28,11 2n.%2 85,52 18,82 78,49
FEo 1 2¢.9" “5,7% 20,34 0s.27 19.6% 81,89 17,64 72.45
FEb e 19.7¢ a2, 09 19,44 1.y 18.7¢ 77,92 19,92 64,084
‘ FEb 3 am L 9 8,79 13,5y 77.44 17.60 73.38 13.9n €7,93
{ Few & 17.9¢ 74,78 +7.59 73.29 16.20 ¢7.7¢4 13,73 §7.22
13} ] 16,9¢ 70,58 L 48,66 14.48 60,38 13.73 €r.,20
FEY @ 5 An 46,16 +5.20 3,38 14,29 59.5¢ 13,73 *7.19
FEe 7 14,7 Aq, a4 14,70 ay,21t 14,24 59.32 13,78 €1.19 !
rEB ] 14,78 Aq, el L 41.22 14.23 $9.34 13,72 €7.1A :
FEB 9 14,74 51,43 14,09 Ay1.22 14.2% $9.39 13.72 87,18
GupaTe~ Trmaw sReAlER Twan GREATLR Tran - GRELATE™ Tran
L:; 1.5x | LArad 1.540ExPe} 1.5a0ExPe 1.5x 1ukxPey
JAt 27 5,91 e, 20 14,18 §4.93 12.74 S8.u¥ 12.52 52,417
Jat 28 13,44 Se,¢0 14 18 4,93 12.7¢ 93.¢9 12,52 82417
JAN 29 q3,48 93,98 14.18 64,93 12,74 3.09 12,92 $2,17
: JANT 307 13,40 55,8v 13,18 54,92 12.74 55.09 12.5%2 $¢.17
i JAN 31 13,49 %5,83 18.18 54,92 12.7¢ 3,09 12.52 82,17
Fes 4 13,47 $5,.7¢ 14,149 54,92 12,74 54409 12,592 52417
. ren 2 18,3 56,64 14.18 54,94 12,74 95,09 12,952 $2417
: ©TEe 3 14,484 $9,57 13.10 4.9 12.74 93499 12.%2 $2,16
Feo ) 13,82 56,51 18,18 54,69 12,76 98,09 12,52 5¢.18 '
Fen 1 13,8« $5,4Y 13.18 se4,99 12.7¢ 53,09 12.92 $2,16 ;
: feo [ 13,82 55,48 15.18 4.9 12.7¢ 58,09 12.52 52,15
Feo 7 13,384 55,40 18.17 54.89 12.74 55,08 12.92 52,15
FEo ] 14.31 55,48 18.17 54,89 12.74 58408 12,52 $2.19%
£ge” 9 18.4¢ 955,48 18,17 54,80 12,74 53,¢8 1e.51 S¢i14
{
{
o

X Zero deg; Page 19
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Fe s - B . L T i T R B TR T}

BREATFR THAN GREATER TwaN GREATER THAN GREATER THan
1.5x1NEYP=8 1.5x10EXPeS 1.5x30EXPed 1.5x10€ExP=}
DAY
of TWE
TEAR M0IRS  TIME p/sp WOURS TImg o/n MOUIRS  TYIME o/q mOUKS TIME ¢/
rees 10 14,74 61,43 14,69 61.22 14,23 9,39 13.7¢ $7.18
FETIT 14,75 61,44 14,89 61.22 14,23 59,39 13,72 £7.18
FE8 12 15.54 64,7¢ 14,90 62.09 1¢.24 29.35% 13.72 €7.1?
PEETTYTIT 96.4n 68,35 8,95 66,48 14,41 60,09 13,72 57,18
PER 14 17,20 71.70 16.87 70.29 15,59 64,97 13,73 $7.24
rEE 1t 17,99 74,97 7.7 73.79 16,78 69,77 13.74 97,26
PEE 46 18,90 78,77 10,64 77.5%6 17.7M 74,09 14,383 £9,72
PEB LY 19,7 82,25 9,49 a1.19 18,79 78,29 16,28 67,82
FEE 18 P0.7? Re,35 20.46 as,.2v 19.82 82,59 17,8S 74,38
rEET Y 21 M 90,48 24.48% n9.37 20.86 86,%p 19.22 80.07
FEE 20 22.71 94,61 22.45 93,85 21.69 91,21 29,51 26,48
FEE 2% 23.6Ff 98,65 23.43 97.6% 22.90 95,42 21.76 96,66
rEge 22 24 0 100,00 24,00 100.00 24.00 100400 22,88 95.35
PTE 3 24,00 100,00 24,00 100.00 24,00 10000 24,00 100,00
GREATER Tmaw GREATEHR THaN GREATER THAN GREATE® THaRN
1.5%x 10EXPu2 1.5x 10EXPey 1.5x 10€Xpe0 1.5x 10ExFey
FEB 10 13,32 55,49 13,17 54,088 12.7¢ 53,08 12,91 §2,14
“FER "14 13,32 §5,50 13,47 54,07 12,74 53,080 12,94 52413
FEb 12 13,32 55,51 13.47 84,07 12.74 53,00 12,% 52,13
“FEr 137 13,33 55,52 13.17 54,06 12.7¢ 53400 12,%4 $2,42
FEv 44 13,33 $5,5¢ 13,16 854,05 12.74 53,00 12,54 $2,1%
FEd 15 43,38 §5,5% 13,16 54,04 12,76 53,00 12,%0 52,10
Fis 36 138,34 56,57 13,16 54,85 12.74 S3,68 12,90 £2,09 o
Fge 1?7 13,34 55,59 13,16 84,82 22,74 $3,07 12,50 52,08 ;
Fio 18 43,35 56,61 13,16 84,84 12.74 53,07 12,49 52,00 '
FeE 19 13,35 $5,04 146,15 54,89 12,76 53,14 12,49 52,04 ‘.
FEe 20 43,36 55,60 14,49 54,79 12,75 53,34 12,48 82,02 P,
FEo 21 13,36 55,48 11,14 54,77 12,76 53,10 12,48 82,00 1™
FEB 2¢ 13,37 55,71 13,14 4,75 12.77 55,23 12,47 $3,9?7 ., -
rFg8 23 18,29 76,20 13,48 54,72 12.78 53,27 12,47 54,94 :
‘,1
‘ ’
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ce o~ GOEATER Twah GPEATFR ThaN GRFATER Tranr

1.5t . 1.5x1rExPes 1.5x4EXPes 1.5x1n€xP=3
- JAY
L {1
IEAR mOURS  TIME nso wQURS  TIME QO/n HOURS  TIvg n/n nOUKS  TImg r/sr
ree a4 24,0" 100,00 24,00 1n0.00 24,00 100.00 24,00 100.0r
FEB 29 24,0n 100,00 24,00 100.00 24,00 100.00 23,50 97.9; -
FEB 26 24,00 110,00 24,00 100.00 23.55 98,11 22,99 94,14 K]
Y8 27  23.49 97,86 23.30 e7.pA 77,74 94,74 ¢1.0% 90,2 o
FEw 26 02,71 94,72 22.49 93,72 21.92 91,3564 20,07 8y.91 A
VIR 1 01,94 91,91 21.8Y 90.3R 21.07 87.84 19,44 A1.1° Y
vAWw 2 91,18 88,08 20.086 6,93 20.15 83,95 18,14 75.5¢% *
wAW 3 70.21 Aa, 22 19,92 As.00 19,12 79,67 16,39 LLIR X ”
MANM . 18,94 79,10 8,71 77.9¢ 17.93 74,79 14,10 £8,3¢ -
¥AR [ 17,99 74,94 17.68 73,68 14,67 69.48 13,79 $7.4¢
AN 6 146, QR 79,74 16,82 47,28 16.20 64,32 13,72 €7.1¢ X3
»AR 7 15,94 46 ,%2 15,40 Ad4,42 1€.25 59,47 13,063 s 9¢ Q.
MAW 8 14,95 42,30 14,48 42,32 14.1? 59,03 13,6 €6.9¢ 4
T mAR 9 14,5 AN, 40 16,47 20,27 14.1% 58,98 13,07 6,97 0
()
et
GREATEWR Tran GREATER TwmaN GREATER THAN GREATER Tran L
1.5x1vExP*2 1.5x10EXPe] 1.5x 10€XP0 1.5x10ExP ey -
FEB a 19.50 8y,26 23,12 54,68 12.79 584484 12,46 81,9¢ o
:En 35 18,26 76,10 13,1 4,64 12,80 58,46 12,45 51,87
FEo 26 13,464 $6,0L 13,11 54.64 12.83 93,40 12,44 81,04
Fee—27 13,44 56,01 13,10 84,87 12.02 93,42 12,44 51,88
FEs 28 14,44 $5,99 13,09 $4,52 12.88 53,49 12,45 51,85
VAN " "1 13,48 85,90 13,07 84,47 12,06 53,49 12,45 94,086
wanw 2 13,48 $5, 94 13,06 54,42 12,04 54,52 12,42 81,86
vaAW T3 13,42 58,92 13,06 54,35 12,85 S3,94 12,45 51,07
varn 4 13,42 $5,92 13,08 54,28 12,86 58,56 12,45 51,47
‘WARTTTS 13,42 §5,91 13,04 84,20 12,80 93,59 12.43 51,06
wamw 6 13,42 55,91 12,99 S4,44 12,66 LYY 12,49 §y,0¢
WAK™ T 18,42 55,92 12,99 se, 34 12,87 53,62 12,48 31,80
" A 8 13.42 §5,93 12,99 $4,14 12.87 53,43 12,45 83,0
vaR- 9 13,42 £5,94 12,99 84,14 12,87 53,64 12,45 51,86

ALA SR 1Y
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)
GREATPR THaN AREATER Twaw GRLATER THAN GREATEN Twmar
1.5x102YPe¢ 1.5x10EXPe s 1.5%40LXPad 1.5%50ExPe} ,{
DAy
oFf THE .
YEan wOIRS TIME 0/¢ woURS  TImp o/n WOURS TIME p/p nwouRs  Tiwur r/9g ;3
wAR 40 14,50 60.40 14,47 40,27 14,18 $8,%¢ 13.687 6,97
TERTIT 94,50 00,40 14,49 40,27 14,19 88,08 13.4? 86,97
MAR 32 14,80 60,40 14,44 60.29 14,49 86,9 13,67 86,96 1
WER (14,04 61,90 14,47 AD.8n 14,16 38,99 13,07 96,964 1
TLEEY ) 5,73 5,93 18,22 A3.4p 14,22 89,26 13,608 96,90
Y UAEES 16,66 69,32 16,23 47,84 14,67 61,16 13,70 $7,08
, wAW 36 17,49 72,00 17,19 71,64 16,10 67,06 13,75 67,29 T
- bl teler skee qelis asles gls3 Y2020 13l88 97,73 !
! RAK 3B 19,48 81,09 19,18 29,93 18,40 77,01 15,48 64,06 '
FATTYIY 20,40 8s,2% 20,19 nd, g6 190,40 01,66 17.36 92.33
FAG 20 ?1.45 89,36 21.19 Ak, 20 20,67 0¢.31 38,94 78,76
AR 2% 22,67 94,24 22.37 03,27 29,78 920+93 20,26 ne, 43 '
CTL Y] 2}, 4an 97,82 28,24 0%, 7n ?2.66 96,490 21,47 09,47 1,}
pER- 23 24,00 100,00 24,00 1ub.0n 2N, 5 90,14 22.9¢ 93,94
QRCATER THaw QREATER Tual CRCATER THaN GRLAYEN THAM )
1.5%x10EKPed 1.5x 30ExPey 1.5x30CEPe0 1.5x40Cubey v
vak 10 13,42 85,04 18,99 84,34 12,08 54,68 12,08 $3,00
val 34 13,42 98, \¢ 12,9 54,44 12,00 5409 12,4 93,09
ran 22 13,43 ss,0) 11,99 84,44 12,00 53,69 12,09 91,090
vAad 33 13,42 89,08 1.9 94,84 12,00 11Tl 12,4 $1,00 o
var 16 313,42 58,0} 19.9¢ 94,44 $2.0? $),64 12,49 9,00
| wad 35 13,82 04 17,99 pé, 3¢ 12,8? 53,48 12,43 85,88
. LY LI 13,42 95,92 12,99 $4,34¢ 12,07 1 IX1]S 12,4 91,00 !
val 17 1),42 $8,02 11,99 94,44 12,00 54,99 12,49 93,00
waw 36 13,42 88,02 13,00 84,17 12,04 84,9 12,¢5 5:,9?
‘wAdTT 4Y 1'." ”.". 13,02 94,39 tlo.' ,'|.‘ 12,4 ’t,.’
: paw 20 13,43 95,04 13.0¢ 84,34 12,84 83,9 12,49 $1,0¢
1 var 21 13,43 85,98 1§.00 $4,44 12,83 $4,4 12,49 $1,04
: van 22 13,4 55,96 14,07 54,47 12,02 $i,43 12,04 b3,08
vid 23— 13,43 53,00 15,00 .0 12,04 $3,3 12,6¢ by, 0¢ -

Zero deg: FPoge 27




GEEATE Trgr

nagaleh Than

CREATEN Trpw

CREATEX Trar

1.70°Cyred 1.5xihgyre8 1,.5drgxved 1.5x L1rEqpey
. DAY

CF Th

rgaR wOURAY TINE as8 ~n g TIwfg o/n wnith®  T3146 070 wQ w8  TImg rsnp
wall 24 24, Qi 11¢.00 24,00 1ry.00 24.0¢C 100.00 23.92 94,02
vAR 29 24 ,3° 110,00 24,00 100,00 74,00 11000 24,00 100.00
AR 2% 24,0/ 190.00 24,00 100.00 74,00 10¢.00 24 0 100.00
FAR 27 28, 4r 100,00 24,00 1ra.0n 24,00 1n0.00 24,09 %,
sAn 28 Y. 99,97 v, 87 LLIY ¥} 73.46 96,93 22,04 92,24
MAN 29 24, qr LL N ¥ 22,08 99,24 ?22.¢* v2.87 7.1 t7.10
Am QU 27,9 97,8y v1.9¢ 04,41 29,84 LLEEVEY 19,47 £2.77
vAR 33 21,00 LY 20,97 ar, 44 7n.86 Ne,b4 18,50 77.97
aPe g 20,24 fe, 8 9,9 a0y, 28 19,27 Mo.86 16,04 70,27
PN 2 19,04 Ap, ¥ 8,97 79,9t 18,47 79,79 14,74 64,51
AP 3 e 37 74,12 e, o0 73,04 14,9y T0.79 14,78 7,33
NIl r 7, 38 72,383 5,90 TV, 77 14,72 65,49 13.72 $7.417
'Y CE 6 44 aA, Sp 5,01 at.4 14,44 60,11 13,7 97,19
APY 4 5, 84 84,04 “h,94 AZ.28 14,2% 59,80 13,74 $7.43

GAEATEH Tran QREATER TwaN GREATER THaN QREATEN THAM
.5x 10¢1Pe 1.5% 10€XPed .Sx $00XPeQ 1.5x 30Cxfey

FAM 24 47,90 73,24 19,30 84,90 12.79 53,34 12,44 54,03
AR 2% 4 ¥,90 fy,00 13,38 84,63 12,70 $3,39 32,49 §g,00
vhe 26 19,30 00,68 13.12 §¢, 00 12,7 95,17 12,40 $1,%3
WAk 27 46,92 70,90 13,33 84,72 12,7¢ 33,80 12,47 91,97
LY L 1) 13,33 99,94 13,1¢ 84,79 12.7¢ 84,06 12,40 $2,04
A 29 13,44 99,49 34,14 94,77 12,74 4,07 12,49 92,04
vam By 13,48¢ 85,43 14,45 54,79 12,74 4407 12,% $2,6?
vaY 1 14,29 §8,34 13,19 84,00 12,74 S4e0? 12,%0 93,0°
sPa 13,20 95,37 18,19 94,84 12.7¢ 84,07 12,%0 92,10
srd 2 13,29 39,20 14,140 94,02 ‘2". 93,07 12,9 92,11
YL 13,29 58,20 13,46 94,03 12.7¢ 9407 12,9 92,31
Py = & 18,29 88,20 13,16 84,483 12,7 $45.07 12.% 32,12
a3 15,25 58,20 13,36 84,03 12,76 93,07 12.9% $2,12
Y L 13,29 99,20 13,16 54,03 12,74 84,97 12,9 92,12

Zoro deg: Page 23
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GEEATFR TupN QREATER Twam BREATER THAN GREATER Twan

1.5%x1CEYP=¢ 1.5730EXPeS 1.5%10EXPed 1.5%x10EXPey

DAY

oFr THE

Yga® u01RS  TIME arp »OURS TIME o/n HOURS TIME o/p HOIIRS TIwE ¢/ )
PR 7 1474 64,44 4,69 41.20 14,28 89,23 13.7¢ §7.13 -
TP 14,74 01,43 14,09 61.19 14,21 89,22 13.,7% 7,13

ABR 9 14,74 61,43 16,69 61,19 14,24 $9,22 13,74 57.13

TINTIT 14,94 61,43 <aq,69 841,19 14,21 59,22 13.71 87.12 |
APR 31 14,74 64,43 14,69 41.20 14,24 £9,22 13.71 £7.12 i
AR 42 45,42 64,25 16,72 41.33 14,28 59,28 13,71 £7.12

AP 13 L. 4 60,38 15,94 ab, 3¢ 14,37 55.87 13,74 €7.13

PR 14 17,42 72,60 17,06 70.99 18,64 65,08 18,72 $7.16 "
APH 18 18,44 76,82 18,11 75,44 17.02 70,91 13.74 57.24 {
KRS 4E 19,48 61,00 19,14 79.78 18,26 78,08 14,29 89,37 :
APR 1Y 0. 48 ns, 09 20.18 A3,8A 19,39 80,89 16,78 9.9 i
APY I8 21,24 85,52 21.08 a7.69 20,42 85,10 18,49 77.0% .
APK 49 22,17 92,38 21.92 91,34 21.35% 868,97 19,80 82.5%2 s .
TR W 22,98 98,67 22,71 94,62 22,24 92,92 20.92 e7.18 5

GREATER THaN GREATER TwaN . GREATER THah GREATEN Twmah - N
1.5x30gXPe2 1.5x30EXPed 1.5x 10EXPe( 1.5x30ExPey o

sPH 7 43,26 98,23 13,36 94,02 12,74 $4,07 12,5 $2,11 R |

APd T8 13,20 58,84 18,10 8¢,02 12,74 53,07 12,54 2,11 .

aPd 9 $3,20 L1 3% 1) 13,19 84,0 12.74 $3,07 12,%0 92,10

aPr 40" 13,04 $5,44 13,49 54,09 12,%¢ 53,07 12,% 52,08

Ak 11 33,32 3%,51 18,19 36,79 12,7¢ 93,07 12,%0 83,06

APn 12 13,33 35,99 13,49 854,77 12.7¢ 58,07 12,49 83,04

APn 313 13,34 88,40 13,14 84,76 12.7¢ 53,00 12,48 $2,02

APR 34 13,239 35,04 18,14 5¢,%¢ 12,76 54.19% 12,48 $2,00 .t
avn 35 13,36 55,40 13,43 84,73 12.77 53,24 12,47 53,97

APR™ 16~ 13,37 85,72 13.43 84,74 12.79 53,360 12,47 51,94

APH 1’ 13.3‘ 55.7’ 1‘.1‘ 84,69 12079 53131 12.‘6 51"1

APRTT 18 13,39 58,7¢ 18,18 se,00 12,80 §3,38 12,45 51,89

APK 49 13,39 3s.01 13,12 84,66 12,88 53.39 12,45 54,86

APRT 20 13,40 89,04 18,12 54,65 12,02 S4,02 12,44 51,08

Zero deg: Page 24
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GRFATEH Tran AREATFR Taawn GREATFR THaN GREATER Than

1.5x17E¥Pes 1.Sx1nEXPesS 1.5xi0E¥ped 1.5x tAExXP=3
* Davy
oFf Tee
, YEac© «QRS  TImg nvse ~OURS  TINe n/n MOURS TIYE 0/n “O1RS  TImf ¢/
' PR 21 23,72 98,84 23.47 57.8n 23.01 95,87 21.9% 91,44
APR 22 24,00 110,00 24,00 100,00 24.00 100.00 22,88 99,32
APN 23 D4 ar 1n0,00 ~4.00 1rn.00 24,00 100400 24.00 100,00
APR 28 924 " 110,00 24,00 100.00 2e4.00 10000 24,00 100,00
APH 28 o4 0" 110,00 24,00 1r9.00 24.00 100.00 23,71 98,7%
APWM 26 24.0° 170,00 o4,00 143.909 21,63 96,45 22.63 94,30
Y L) 23,4k 97.82 ~3,21 5,719 23.66 94,43 21.50 89,57
APR 28 22.49 93.7%0 22,27 9).79 21.68 90.26 20.25 84,38
LPW 29 01,49 Ao, 56 21.28 LLRY % 20,63 85,96 18,94 78,78
APW 30 20.5? AS,%0 .29 "4, % 19.59 1,62 17,50 72.94
LAY 4 19,60 H1,79 19,33 e .88 1A, 58 77,26 15,48 46,15
MAY 2 A 77,94 8,49 76,80 17.51 72,94 14,06 t6,48
MAY 3 17,84 74,35 17,52 72.99 16.45 68,54 13.86 €7.74
MAY 4 16,9% 70,27 16,65 A9, 34 15.2¢6 63,58 13.6n €7,51
GREATER Trun GREATEN Tman GREATENR THaN GREATEM Trah
: 1.54%EXP2 1.5x 10ExP=1 1.5x 10€xPso 1.5x 10ExPey
APR 21 13,41 59,80 138,41 54,63 12,88 95,45 12,44 54,89
APN "22 15,64 65,1° 13,11 54,61 12.08¢ 53,48 12,945 51,86
arm 23 18,79 78,30 15.10 64,59 12,44 5345 12,45 51,86
. APRT 24 19,92 82,9v 13.30 54,56 12,89 3,98 12.45 51,87
APH 25 18,12 75,51 15.09 54,54 12.8% 93,95 12,45 $1,97
APd 726 13,40 56,0/ 14,09 64,83 12,86 55,96 12.45 €y,87 3
P 27 13,48 S6,0/ 13.0¢ 54,51 12,86 S3.58 12,45 51,87 ol
PR 28 13,45 56,0> 14,08 94,50 12.46 548,99 12,45 51,88 by [
aPm 29 13,40 56,04 13.08 34,49 12,86 58,60 12.495 54,88 rr
APNT 36" 13,45 56,02 14,08 54,48 12.87 55,64 12.45 <y, 88 .sr;
vAY 1 15,44 $0,01 13.07 54,48 12,87 93,62 12,95 51,88 o
MAY T2 13,48 56,00 13,07 54,47 12,87/ 93,63 12,45 €1,00 )
mAY 3 13,44 59,99 18.07 54,47 12.87 58,63 12,45 51,88 ¢
MAY T4 13,44 59,99 14,07 b4, 47 12,87 53,64 12,45 €4,8b ,:
W}
t
‘P
- LY
LY
LY
'-
h
W
»
B
l‘i
l‘l
d
. )
.\
O
Zero deg: Page 25 N,
&
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I3

GREATER THAN " RREATER TwHaN GREATER THAN GREATER THAM
1.5x10FYP=¢ 1.5x10ExPes 1.5x10€EXP-¢ 1.5x 10EYPe3 . 1' ;
DAy B
or TWE o
YEar HOIRS  TIPE 070 HOURS  TYIMp 0/9 MOURS TIMg 0/8 WOURS TIME /0 f;{ .
MAY [ 16,19 67,45 19,70 AS. 44 14,37 59,08 13.77 57,38 P -
VIV ¥ 15.33 63,88 14,7 61,20 14.30 9,98 13,76 €7.35 o
MAY 7 14,76 61,44 14,70 63.23 16,29 59,32 13.77 $7,36 .
KLY B 14,74 61,44 14,70 41,23 14,29 $9,93 13,77 $7,37 S
MAY 9 14,74 Ay,44 14,79 1,24 14,29 59,54 13,77 §7,38 5
»KY° 0 1474 61,44 14,70 h1,2¢4 14,29 59,39 3.7 7,39 >
vAY 33 14,94 62,23 14,74 41,27 14,30 59,58 13,78 $7.44 2 -
wiY 12 16,04 66,02 19,46 44,49 14,35 $9,84 13,78 $7.43 1 '
WAY 13 17,12 74,33 16,69 49,53 14,98 62,43 13.79 87,47
VEY 14 18,14 78,98 7,78 74,09 16,62 69,23 13,04 87,54 'y
MAY S 19.08 79,42 18,77 78,29 17.92 74,47 13,96 18,19 - S
HAYT g6 19,94 83,47 19,69 82.04 19,00 79,49 16,07 66,95 g
vAY 37 20.74 R6,42 20,53 RS.%2 19.96 83,19 17,87 74,44 R
TEEYT T® S 21,80 89,88 21,38 a8 .97 29,82 86,79 19,17 19,088 :.:_
GREATER THAN GREATER TraN . GREATER THAN GREATEN Trah <7
1.5x 40EXPe2 1.5x L0EXPe) 1.5x10EXPep 1.5 10EXPey J =
“AY S5 43,44 55,99 13,07 54,47 12.87 53,64 12,45 sq,88 ™
VAYTTTET 13,44 55,99 13,08 84,48 12.87 53,68 12,45 54,89 e
vAY ? 13,44 56,00 13,08 54,490 12.88 83,68 12,458 51,89 \ \
THAYTT 87 13,44 54,00 13,08 54,50 12.88 54,69 12,458 51,89 =t Iy
vAY 9 13,4 56,00 13,08 54,83 12,88 53,59 12,45 51,89 ;
vAYT 10 13,44 56,00 13,09 54,52 12,08 53,65 12,45 $1,09 :
»AvY 31 13,44 $é,01 13,09 64,54 12,88 53,05 12,45 51,89 A o
MAY T L2 13,44 $6,01 13,09 84,55 12,86 L3,69 12,45 $1,89 - .
MAY 33 13,44 56,01 13,10 54,57 12.88 53,09 12,45 53,89 A
THAYTTI4T 13,44 56,01 13,40 54,59 12,68 55,08 12,45 51,89 - M
MAY 15 13,44 56,01 13,11 84,62 12,88 55,68 12,45 51,89 i b
VAYTTL4T 13,44 56,01 13,14 Sd,64 12.87 53,66 12,45 51,88 ! ,g'
vAY 17 13,4 56,02 13,12 54,07 12.87 S5, 64 12,45 51,88 “
PAVT LB T 13,44 56,c2 13,13 54,49 12,47 55,63 12,45 51,68 g
™ b
b
)
Ry
Be
.
i ¥
b/
g
} '_
L
‘
"
|
| W,
-
! |
Zero deg: Page 26 N, -
N
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ot

o

GREATER Tmah
1.5x17€xpe6

DAy

CF Tef

YEa®Q “01-RS  TIMF a9
sAY 19 22.27 92,081
SIY— 20— 21,04 36,08

GSEATE® Trman
1.5x1.£xP~2

MAY 19 15,8« %6,0¢
WIY U 18.4s Se,0¢

AREATER Twan
1.5x10€xPeS

“OURS  TIME 0/n

22.13 °2.20
22.%90 9%.42

GREATEN TmaN

1.5x legxPey

18,13 %4,72
13.14 54,74

Zero deg: Page 27

GREATER 7
1.5%10€EXp>4
rOUNRS  TIm
21 o~
27.45
GREATEN 7
1.5% $0EXPe
12.07
12,97

HaM

£ 0s0

T0,.47
9 52

HAR

54,82
58,81

GREATENR Thah
1.5x10ExPe}

nOIIRS  TImf ¢/0

?20.0° 84,44
21,28 88,6%

GREATE™ Tman
1.5x10bx¥ey

12,9 S1,88
12,45 $1,88

VR LY T A I T o L K R R

- -.-

>

PRV & ]

EQE

PRI -3



TABLE 2

Number of Hours in which Hlumination

Exceeds a Given Level

, Thirty-Degree Latitude




Neg

i
n

*Day
(<28 [ 13
YEAS

uAY 20
vay 2%
wAY 22
»AY 23
vAY 24
wAY 2%
wAY 26
»AY 27
»aY 20
»AY 29
vaY 30
AY 31
JU“ 1
Juh 2
»AY 20
vay 2%
rAY 22
vAY 23
»AY Q4
mAY 2%
»eyY 26
wAY Q7
waAY 28
wAY 29
»AY 30
vAY 31
JIN 1
JUN 2

GEFATENR TN

1.5 "gyveb

=01rWS  Tine ay0

16,99 70,81
16,99 In,. 04
7,88 74,29
K 9t Ta, 80
<G990 “?2.,92
2a9.7° %4 ,29%
21.4° “9,2¢
21,9+ 74,60
22.5% 95,78
23,47 9a,37
2, A 38,40
4 1‘\0,00
24,0 170,00
24,0 190,00

GOEATEN Tman

LEx 1GEAP2

15, 84 63,87
19.4% 83,50
19,37 64,09
19,39 e,V
19,40 44,10
19,41 44,20
15,42 6e,2°
19,45 64,30
19,91 64,62
19,90 64,082
19,9y 04,98
19,6¢ 08, (0o
19,64 65,15
19,6 68,46

nﬂ£‘1fﬁ Tua“
1.5x1NEyPaS

~pHRS  TIMp g/o

“n,94¢ 79,6M
16.9% 70.64
16,97 70.86
4,34 Th. AN
19,45 81.02
24,34 r4.7a
71.07 ”7.81
71.70 0.49
22.8 e2.94
22.87 25,20
3.4 27.¢4
~y . 96 29,88
z4.,00 1r .00
24,00 109.,0n

GAEATEN TmaN
1.5x1vExrey

16,94 $2.3%
14,95 82.29
14,96 623.32
1‘0’. 0d.de
19,01 43.%2
19,04 A2.608
15,08 62,82
15.10 A2,98
19,18 63005
19,1% 5‘011
15'16 .‘017
19,17 53,22
15,18 8,27
15,19 43.%0

Thirty dag: Puge 1

65

GREATEW ThHaN
1.5 NPErPes

»0HKRS  TINE 0/0

16,48 68.5%9
1¢ .88 68,50
14.53 68,06
16,70 69,9¢
17,83 74,27
19.44 79.7s
70013 630°°
720,98 87,24
29.6¢ %0.1¢
22,24 ’2'61
29,82 95«0.
21,48 97.5%
4,00 100.00

24,00 100400

GREATEW THaM

1 SxiGLxPey

14,90 40,74
14,01 b9.86
14.63 60,99
14,65 61442
14,00 61,99
14,60 61419
14,09 61,40
14.70 61,44
14,73 61,28
14,71 81,41
1,72 6144
14,78 61,396
14,73 61,48
14,74 61,49

GREATEY Twmah

1.5 10EvPey

mQLINS TIeF /0

15.75% é%.061
15.78 A%,74
18,40 65,85
15.08 49,99
18,488 48,0
15,96 LI TR X
16,36 AB,1S
18,2 75,480
19.4¢ 61,08
20,42 ns,0?
21.2A a8,60
22.38 $2.1)1
27.487 9y.2°
25.89 99,53
GREATEY Thak

1.5740ExP ey

14.19 $6,96
16,16 5v,02
14,8 59,10
14,21 34,20
14,43 59,29
14,25 59,30
14,27 99,44
14,48 59,951
14,30 89,57
14,84 99,82
14,32 89,60
14,39 99,70
14,36 $9,74
14,44 %y, 77




Day

er tw~E
Yeao
Jun 3
JUMN )
Jun=8”
JUM 7
Jus 8
JUh 9
JUK® 40
NULI
JON T LY
Jur 13
JUNT W
Junh 38
JUNT TN
JUN ]
JUNTT &
JUN s
%"
JUN 7
JUN B
JUN 9
JUR I
NITL I §Y
JUF 17
Jus 13
JUN &
JUN 18
JURTTIS

GREATFR THaN

1.5x4nLYPeg
w0RS  TIME n/s0
24 0n 100,00
24,00 100,00
24,00 100,00
23.49 97,87
22,48 9¢,9%0
21,92 94,35
21,47 89,47
20,689 87,06
20,79 R4,%0
19,78 802,22
19,20 79,98
18,96 77,85
17,87 74,46
17,49 72,09

GREATER anN
1.5x40EXFe2

15,64
15,64
15,69
15,66
15,67
15,67
15,68
15,60
15,68
19,60
15,068
15,68
15,68
15,60

65,47
69,17
65,28
08,27
65,30
05,31
65,3¢
63,33
695,38
68,32
5,33
65,33
65,31
65,82

GRFATER TwaN

GREATER THAN

1.5%x10EXPeS 1.5x10EXPeg¢
~OURS TImgp o0/0 MOURS TIME 0/0
24,00 100.00 24,00 100,00
24,00 100.00 24,00 100,00
24,00 100.00 ?23.08 99,67
23,22 .77 22.68 94,49
22.44 °3,.37 21.79 90,00
71069 '0021 2’001 6705‘
71.48 r8,26 26,34 84,74
20,99 n5,%8 19,06 81.93
19,97 ry, 2 18,98 79,09
9,43 ap.08 18.22 78,90
8,80 78.38% 17.2¢ 78,92
16,098 75.219 16,98 70,78
17,49 72.74 16.92 T0.4¢
17,44 %2.64 16.90 70,48
GREATER TrHan GREATEN THan
1.5x10EXPe} 1.5x40EXPey
1%,20 63,33 14,74 61,44
19,23 63,38 14,78 61,43
19,28 63,38 1‘.7‘ 61444
'1,03’_"“"’v'u 1‘.”' 61,.’
19,22 63,44 14,78 6341646
19,22 63,43 14,70 01,97
1’022 ‘30‘3 i‘o'O 610‘.
1%9.23 63,44 14,83 61,7
1’.23 63,45 1‘0.‘ 611.’
19,28 63,49 14,00 61492
19,23 63,45 14,008 61,50
19,29 $3.49 14,089 62,03
15,23 63,48 14,90 62,07
19,26 63.9?7 14,90 62,10

Thirtv 4ea: Page 2

€6

CREATENR Trah
1.5X10EXP]

HMOURS

24,00
23.78
22,38
21.20
20,06
18,99
17,92
16,64
16,24
16,19
16,17
16,19
16.15%
16,19

TInE ~706

100,00
98.97
95,26
88;33
03,%7
29,14
74,66
(L1
87,67
67,44
67,36
67,30
67,28
67,27

GREATEN Twan
1.5x10ExPel

14,486
14,39
164,44
14,43
14,45
14,46
14,47
14,48
14,48
14,49
14,49
14,49
14,49
14,49

9,85
89,96
60,0%
60,183
60,19
60,2%
60429
60,33
60,35
60,37
60,38
60,38
60,30
60,37

aerpre "
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C DAY

cF Tws
YEAW
JuN 17
Juh L8
Jun 39
JUR 20
Juh 21
JUn 22
Juh 23
JUs 24
Jus 29
JUN 26
Jus 27
Jun 28
Juh 29
Jud 30
JUN 17
JuN 18
Juh 19
JUN 20
Juh 2%
JUh 22
Jun 23
JUN 264
Juh 2§
JUN 26
Juh 27
JUN 28
Jun 29
JUuh 30

GREATFR THaN

.onqﬂ

17,49
17,49
17,49
17,9
18, 4r
QQ.?ﬂ
9 AR
20.47
an,90
21.5%
2211
22.71
23,44
24.0C0

1.5x1%€yYPe=6

TIre nys0

72.89
72,089
72,89
72,90
76,66
19,96
AY,85
As, 27
R, 45
H9 .70
92,21
94,62
97,25
170,00

GREATE~ ThaN
1.5x2LEXP=2

15,67
19,67
15,47
15,6¢
15,65
15,64
15,69
19,6°
15,66
19,6/
15,68
15,67
19,68+
15,64

05,30
65,2Y
65,27
65,25
85,22
65,19
66,49
69,2¢
65,26
85,29
45,32
45,30
89,20
45,1/

AAEATER T-uN

=QHRS

17,44
17,44
«),.48
17,44
17,69
16_7?
9, 4P
20.19%
20. 74
51‘2ﬂ
21.8¢
22,43
23.10
~3,83

1.5x10ExPeS

TIne Q/n

72.64
72.64
72.68
72.67
73.7¢
?7%.0n
A1.17
AY,9¢
a8, 28
an Ak
21,0°
5. 47
.24
99,39

GREATER TwaN
1.5x10€xPe}

15,49
15,29
15.40
15,94
15.482
19,33
19,88
15,34
15,983
150\,5
15,388
19,42
15,981
19,90

63,65
88.71
83.74%
6’100
85,84
43.8¢
65.88
63,49
63,89
63,088
63,87
63,04
83,80
65,75

GREATFER THaN

nORS

16,91
16.91
18.92
14,913
16,97
17,19
1a,14
19.12
19,88
?a0,.58
?1.17
21.7%
25,48
23.1%

1.5x1r€xpPed

TT4€E C/n

70446
70,48
70.50
70+5%
720.72
71,46
75.60
79.06
82,84
85,58
88,19
90,81
93,52
96,60

GREATER THaN
1.5x40EXP 0

14,91
14,92
14,92
14,93
14,98
14,93
14,98
14,94
14,98
14,93
14,94
14.93
14,92
14,92

Thirty deg: Page 3

62433
64416
62418
02,20
62,24
62,22
62422
62,42
62,22
62.¢2
62.,2¢
62,40
62,18
62,16

GRFATER Tear
1.Sx1nExFel

QNS

16,14
16,14
16,13
16,18
16,12
16,12
16,17
16,27
16.61
17.89
19.4¢
19,91
20,79
21,74

TI4e r/n

A7,26
67,24
67.22
A7,20
47,18
4r,4¢
£7.37
67,77
49,20
74.52
79.19
.97
Rb,.64
90.59

GREATEW Trah
L.5x10ExY ey

14,49
14,48
14,47
14, 46
14,46
14 46
14,40
14,46
14,45
14,45
14,45
14,45
14,45
14,44

40,395
60133
60,29
89,25
60,23
40,23
60,2¢
60,23
60,23
60422
60,21
60,20
60,19
tg,17
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DAY
of TwE
YEa®

JUL 1

JUU T
JubL 3
UrTw
JUL S
N )
JubL 7

Jub B
JUb 9
JULTIET
Jub 11

Jub 2
Jub 13
JUC ™ 14
JUL 1
JUuL© 2
Jut 3
U
Jub H
e T W
Jub 7
JUL- &
Jub 9
T IT
Jub 1%
JUt® 17
Jub 13
“JUL 1%

GREATER TwHaN
1.5x 1hEYPeg

HOURS

24 .00
24,00
24,00
24,90
24,00
23.,5¢
22.97
22.42
21.87
21.31
20.73
?0.1?
19,45
18,64

TIng o0/0

100.09
100,00
100,00
100,00
100,00
98,27
e5,70
98.42
94,44
ag, 8
86,40
84,02
81,05
77.6?

GREATER THanN
1.5x10EXPe?

15,63
15,981
15,58
15,56
15,%¢
15,55
15,55
15,53
15,82
15,50v
15,48
15,46
15,44
15,42

65,11
5,02
64,90
64,84
84,88
64,080
64,77
64,738
64,67
64,60
64,51
64,41
82,32
be,26

GREATER Twman

1.5x 1NEXPeS

HOURS

24,00
24,00
24,00
24,00
24,00
23,36
?2.70
72.1¢
21.5¢9
24,02
20,43
19,76
18,99
7,98

Timr Cro

1n0.00
inf.on
1n0.0¢
1n0.00
100,00
97,3
04, %4
02,27
89.9A
n7,.67
nS,12
f2.49
79.42
74,91t

GREATENR TwMaw
.5x_1OElP-1

15!29
15.27
15,25
15.22
18,19
15,16
15,16
15,16
15,15
15,14
15,14
15,13
15,11

63,49
63,64
63,53
63,4)
63.3¢
64,18
63.17
63,156
63,33
63,10
63,07
63,08
42,98
62,92

Thirty deg: Page 4

o
($8]

GREATER THAN

MOURS

24,00
24,00
24,00
24.900
23,43
22,74
22.07
2¢.45
2n,.04
2n.1?
19,42
18,46
17,08
16,74

1.5k 4 0EYPed

TIME /)

100400
100.00
100400
100400
97,64
o4,63
91.9¢
89,3
6600‘
84,09
Bo.9g
76,990
71417
69,7%¢

GREATER THAN

14,93
14,93
14,90
14,089
14,88
14,806
14,85
14,83
14,80
14,77
14,74
14,71
14,70
14,70

1.5x40€XKPeD

6241¢
62411
62908
62,04
61,98
61,93
61,86
63,77
61,67
61,95
61144
6y ,29
61,27
61,24

GREATEN TraN
1.5x 1nEYPey

nOURS

22,73
24,00
24,00
23,00
22,06
21,15
20.2?7
19,36
16,94
16,89
16,07
15,96
15,97
15,89

TImME ¢/0

94,71
100,00
100.00

9%,8%

91.92

88,14

R4, 44

80,69

76,41

70.37

66,94

66,50

66.34¢

66.2¢0

GREATER Tran
1.5x10ExPey

14,94
14,48
14,42
14,42
14,41
14,40
14,9
14,88
14,37
14,86
14,84
14,82
14,30
14,28

60415
60,13
60.31
60,08
60,05
60,02
$9,97
59,93
s9,88
59,8¢
59,79
Sy ,67
9,56
59,48
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GEEsTEH THaN AQEATER Twan ARREATER THaN GREATEN Tran T
1.5x 1°F P4 1.5 rExPeS 1.5x 1PEXP 4 1.5x 1nPEYPe] Q
‘Dav by
oF ThE A
YEAQ =01-RS  TIme N/ wARS  TImg 0/n HAURS  TINE 0/9 Q1S  TImg c/0 }
Jub 18 17,64 73,49 47.19 71.64 16.65 69,37 15,486 66,09 s
JuLb 16 17,24 71.8% +7.168 74,99 16,63 69,27 15.43 65.98
Jub 1?7 17,24 71,85 17,18 71.59 14,61 69.2n 15,51 £5.86 W,
QUL 88 17.3¢ 74,85 SR 71,58 16.59 69.12 15,77 TR o
JuL 19 17,20 71.R4 7.0 71.%7 18,57 69,92 15,78 €5,5% &
JuL 20 17,10 72.17 a7.1H 71,90 14,56 48.99 15.73 85.5% A
Jub 21 ‘R one 74,98 7,97 72,88 16,62 69,23 15.72 Ab,Sq [
JUL 22 L 77.76 18,24 ?8.014 16.69 69,34 15.72 45,49 Ny
Jub 23 19,21 Rp,03 18,87 8.6 17.61 73,38 15,72 45.50 '
JuL 24 19,71 R2,22 19,43 00,94 18 .38 76,59 15,74 45,59 ;
Jub 25 21,09 ny, 73 < 9,84 R2.%2 19.9% 79,38 16.91 66,74 "
JuL 28 22,77 s, 31 37.44 TR 19,75 2,29 17,17 71.53 ¥
JUL 27 91.4¢ 29,29 21,15 AB8.11 2n.en $5,33 18,382 76.33 R
JUL 28 22.71 95,93 21,93 91.3n 21.30 88,78 19,4 a1.1? {
L)
GHEATER ThaN GREATEW TwaN GREATER THan GREATER Thah W
1.5x 1:63Pw2 1.5x 10EXPe1 1.5x 10EXPeQ 1.5x LOEXPey K
hood
JuL 15 15.41 64,19 15,09 62.06 14,69 61,22 14,29 59,37 .
UL 16 15,89 84,11 15,07 62.78 14,68 61419 1¢,22 59,23 R
Jub 17 15.J¢ 84,02 15.05 82,69 14,080 61,45 14,21 59,19 )
JuL 18 15,484 63,91 15,02 62.58 14,07 61441 14,20 9,16
JuL 19 15,3t 83,78 14,99 02,468 14,60 61,97 14,19 9,12 W
Juk 20 18.27 83,82 14,96 62,34 14,04 61,01 14,18 89,08 ' -
JuL @1 15.2¢4 63,49 14.91 62.12 14,63 80,99 14,17 39,03 by
JuL 22 15,28 63,47 14,80 61.94 14,61 6g,87 14,19 58,98 &
Jub 23 1%l 63,45 14,04 61.82 14,59 60,79 14,14 8,93
Jub 24 19,22 83,48 14,80 81,87 14,97 60,69 14,13 50,87 s,
Jub 28 19,22 63,40 14,78 61,49 14,54 60,98 14,11 58,81 "}:.
Jul 26 19,21 83,3/ 14,74 81,43 14,50 60,43 14,10 58,73 |
JuL 27 15,20 63,38 14,74 61,44 14,48 60.26 14,08 $8,65
Jub 28 15,19 63,29 14,73 61,39 14,42 60,06 14,08 58,56 N
t)
3
ﬁ
’
e .
"
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A
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GEEATFR Twaw BREATER TwaN GREATER THAN GREATER Tran
1.5x1NPEYPeé 1.5710EXPeS 1.5x 10€vPed 1.5x10ExFey R
N
DAY !
oF THE PR
T wotRS  TIME 9/0 =0IRS TIMP 0/n WOURS TIME p/p HOURS TImMg ¢/0 :;
vy
JuL a2y 03.0° 96,18 22.84 95.46 22.21 92,58 20.68 86.18 P
24,09 100,00 23.02 .27 23.22 96,74 21.9? 91,38 s
Jub 31 24,00 100.0C 24,00 100.00 24,00 100.00 23,18 96.59
e L 24,00 290,00 24,00 100.08 24,00 10000 24,00 100.00
WG 2 o4.er 100.00 24,00 110,00 24,00 100400 23,78 98,97
JUG 3 24,00 110,00 24,00 10,00 24.00 10000 22.79 94.96
AUG 4 24,00 100,00 23.98 99.91 23,37 97,37 22.914 91.71
A6 5 23.70 98,74 23,42 e7.6n 22,78 94,93 21.23 8y, 46
e & 2317 96,96 22.%0 95.49 22.19 92,49 2p.91 85.903
AUG 7 02.64 94,31 22.3% 93.4% 21.5¢ 89,88 19.46 51.97
AU & 2178 90,61 21,49 "9, 853 20,80 86,66 18,17 75.70
UG 9 21.1* 68,27 20,86 "6.9% 19,98 83,27 16, 3¢ 67,9
AUG 10 20.45 85,22 ?20.10 3,74 18.99 79.14 15, 84 63,92
AUGT 13 19.67 84,74 19,18 79.94 17,66 73,60 15.2¢C 63,3¢
GREATER Than gREZATER Twan GREATCR THaN GREATEM™ TWAN
1.5x17€¥Pe2 1.5x10ExPel 1.5x108XPe 0 1.5x30EXF ey
JuL 29 15,18 63,28 14,73 61,36 14,36 59,012 14,03 $8,46
UL 3 15,16 63,16 16,72 61.34 14,30 59,960 14,00 38,33
Jub 31 15,18 63,06 16,71 61.30 14,26 59, ey 13,97 58,20
TgT—T 15,18 62,94 14,70 61.26 16¢,2¢ 59,34 13,99 $8,0e
a6 2 15,0° 62,08 14,49 61,21 14,26 59,22 13,69 $7,86
aUT T 15,00 62,76 16,07 61,19 14,23 $9,29 13,83 37,64
aue ¢ 15,08 62,83 14,04 61.0? 14,22 59,346 13,79 87,42
T 14,97 62,3 16,63 80,98 14,21 59,33 13,74 87,27
aud & 14,90 62,08 14,04 60,06 14,24 59,39 13,73 87,23
CFUTTT 44,04 ¢y ,04 16,97 80,72 14,49 99,14 13,72 87,18
AU 8 44,78 61,9 14,513 60,54 14,48 89,09 13,74 57,13
TG Y 14,74 64,43 16,680 40.32 14,46 59,02 13,79 87,00
UG 10 14,74 64,60 16,44 80.0% 14,19 58,%¢ 13,69 $7,03
“FOGTIT 14,78 61,¥? 16,33 89,74 16,12 58,04 13,67 86,97

1a>

) y
BAS LIPS
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P N L ST R IR SN PRy Wi
|
GOFATER THyaN GREATFR Twan GREATFR THaN GREATER That
[ 1.SX1NExP6 1.5x1nExPeS 1.5X4rEXPed 1.5X1NExPe}
DAY
or T™E
i YEad w01wS  TIME n/s0 noURS  TIME 070 =QURS TIME 070 rOIHS  TIMF r/n
i aud 12 18,64 77,66 18,08 75.32 15,96 66,91 15.17 648,22
e 13 17.50 72.92 16,71 49.67 15,79 65,7 15.19 63.11
AuG  1e 16.25 67,73 16,20 67.4R 18.72 65,5 15,12 62.99
106 18 16,24 67,68 16,19 al.a8 13,70 65,493 15, o¥® 42,84
AUh 16 16,24 47,68 16.19 +7.44a 15,68 65,39 15,04 62,87
UG- 17 16.2¢ 47,88 16,18 7.4 16,66 55,26 14,99 a2,47
iuG 18 16,2¢ 47,68 16,18 47,49 15.64 65,37 14,94 $2.22
| auB 19 18,e" 68,85 18.19 A7.47 15.63 65,14 14,87 64,90
{ AUG 20 17,14 71,29 16,63 69,29 16,69 65,37 14,86 61,87
e 21 17,70 73,75 12,32 72,16 15,84 66,00 14,87 49,78
AuG 22 18,3 76,29 17,95 74.81 16.83 70411 14,79 At.64
: UG 23 (8.9% 79,07 13,66 77.74 17,67 73,64 14,92 61.77
I UG 264 19,71 82,20 19,43 "c.94 18,94 77,29 15,499 £2.72
T AUG 28 20.4? 85,93 20.31 LY 2] 19,48 81,18 16,69 9,53
- GREATER THaN GRECATER TwanN GREATER THaAN GREATEN Thah
iz 1.5x{UEXPeR 1.5x10EXPel 1.5x40CaPed 1.5x10ExPey
WG 12 14,72 61,32 16,29 59,85 14,09 58,72 13,66 56,90
AUG 13 147 64,27 14,28 89,36 $4,06 58,98 13,04 86,02
AUG 14 14,69 64,21 14,24 89,34 14,01 58,39 13,62 56,74
Ws 15 14,87 61,13 14,24 9,34 13,9¢ s8,47 13,9 86,64
AUG 16 14,65 64,04 14,23 $9.28 13,09 $7,89 13,97 56,53
BUG 17 14,82 69,92 14,22 99,29 13,85 $7,74 13,83 86,39
AUG 18 14,59 69,77 14,24 89,20 13,02 57,58 13,50 96,24
AUG 19 14,54 ¢0,00 14,19 59.44 13,78 57,66 13,456 56,05
210G 20 14,49 60,38 14,18 $9.97 13,74 57,36 13,40 55,62
WG 21 14,42 60,190 146,15 86,97 13,73 57,30 13,36 89,69
a6 22 14,39 59,97 14,12 58,08 13.72 57,16 13,34 98,59
AUG 23 14Y7 59,08 14,09 98,49 13. 7 7444 13,312 $5,48
UG 26 14,34 59,76 14,04 88,49 13,89 87,08 13,20 55,35
UG 25 14,31 59,64 13,97 $8,22 13,67 56,96 13,29 85,21

N R U
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SREATER THawn

1.5xinLYPeg

DAY

“F THE

YEaR WOURS TIME o/0
AU 26 21.27 68,63
U2 22,33 3,02
AUG 20 23,42 7,99
-gys—TTy- 24,00 100,00
4UG 30 24,00 100,00
“Xpe 3T 24,00 $00,00
sEP 1 24,00 100,00
“YEP 7 24,00 100,00
gE» 3 23,96 99,82
qETYT W 23,42 *7,90
14 § 22.7% 94,78
e 22,16 92,33
stP 7 21,389 69,42
YEr ¥ 20,47 88,30

GREATER Tuaw
1.5x10CXPed

AUG 26 14,20
‘TUG™ 27 ge,28
AUG 20 g4, 22
UG 44,20
AUG 30 34,38
IUGT I 46,90
$€F 1 14,30
SEP T 14,05
£ 134 3 44 00
FEFOE 53,90

$ 43,98
P T8 13,97

7 13,95
SEF T 13,93

59,64V
39,30
$59,24
89,48
39,00
70,77
38,76
58,95
98,32
30,29
88,29
56,20
58,14
56,04

GNEATER TwaM
1.5 05 xbeg

WOURS TImg 0/n
24,02 87,60
22,08 92.04
23.16 06,92

24,00 100.00
24,00 1n0.00
24,00 100.00

24,00 1n0.00
24,00 100,00
23.70 90,78
23,16 96,49
22.5%2 93,84
21,05 91.06
25,04 87,60
20,313 3,087

QREATER THaAN

1.5x $0EXPel
13,94 58,00
18,92 $6,02
18,94 $7,%
15,00 $7,00
13,86 $7.7%
13,08 87,63
13,90 87,49
1§.7% 87,34
13.70 87,08
18,49 96,07
13,08 $6.%9
13,56 86,49
13,49 86,23
18,49 96,24

Thirty deg: Puge 8

72

GREATER THaANW
1.5x 10EXPes

HOUNRS

20"'
24 .49
22.6%
23,76
24.00
24,00
2"00
23,84
23.19
22.%7
21.88
21,12
20010
19,07

TINE 070

89,414
89,.9¢
94,22
99,00
100,00
100.00
100,00
29,34
96,63
94,03
91,48
87,9
84,07
79,47

GREATER THAN
1.5x $0€xPe}

13.65
13.62
11,88
13,93
13,47
13.46
13.45
15.43
13.42
13.40
13,38
13,3
13.32
13,28

56,08
56,76
86,69
56,39
56,412
56,07
56,03
$5,9¢
55"2
55,..
55,7%
55,64
$5,%0
55,33

GREATEN THah
1.5x AnEYPe]

MOURS

18,27
19,79
21.26
22,60
24,00
24,0¢C
23,33
22.69
21.%0
21.19
20.08
18.80
17,09
14,89

TImg c/0

76,44
82,48
88,%?7
94,15
£00,00
100.00
97.21¢
9,38
93,26
87,69
63,47
78,32
?73.VU3
63,22

QREATCH THaM
1.5x 10ExPey

13.24
13,39
13,17
13,1§
13,42
3,09
13,08
13,08
12,96
12,98
12,94
12,92
12,90
12,88

5,09
$¢,9%
$4,07
4,78
54,68
53,55
84,39
54,20
84,01
93,96
53,90
83,04
$3,7?
83,09

il

3 SREN

a TP,
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XT3

‘a)wff?fgtf
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Y

ERYY

? ’p(

‘€Al

i’
sEP
s¢P
sge
SEF
sgr
L1 14
sEP
sgv
ser
sEv
sgP
SEP
sEP

sEP
SEP
£ 114
SEP
SEP
se¥
sEP
ey
SEP
se?
SEP
SEF
sEP

ArN "N

GEFATEN Twmg»
1.5%) "FvPeb

TINE n/0

qlols
748,60
71,72
LYY
A3, 82
42,48
Az, a8
42,48
42,49
44,99
87,74
7n,82
74,57
78,16

GREATEW THaN
1.Sx1NEAP2

13,91
13,80
13,8%
13,08
13,78
13,69
13.6¢
18,99
13,97
13,5¢
13,99
13,47
13,40
13.4%

.

$7,97
87,689
$7,7¢
$7,5¢
7,38
$7,00
96,74
56,04
56,84
96,40
56,24
56,14
56,0Y
96,99

E 2 TW S M ARR

Qe€caTER TwaN

1.5 rExPeY

w@oHRS  TIme /n
19,00 79.94
7.9 74.6%
16,99 8%.1?
18,48 a4,31
15,19 43,30
e, YA 42.18
e, 968 A2.3%
14,94 A2.32
6,95 A2, 31
19.01 r2.%5
5,480 Ak, nn
6,86 A9 4n
7.9 72.97
<R, 4n 94.9n

AREATER TwmaN
.Sx 10CAPey

13.48
14,48
13,47
13,48
13,44
13,43
13,490
13,47
13,82
148,27
13,49
14,18
14,18
13:“

-p A

%6,19
66,14
56.1%
86,08
56,02
55,54
Yo,04
$5.7¢
§9.9%1
5,27
54,95
54,90
54,84
54,76

Thirty deg: Page 9

73

GREATFR THaN

1.5 rEXPed

nOt)RS  TIaF o/n
19.72 73.84
14.014 6.7
16.97 80,39
14,83 61!’9
14.72 61,34
14,63 6094
14,60 60,87
14,50 60,00
14.5%> 60.8¢
14,.5¢ 60.619
16,65 61005
15,3¢C 63,78
16,4% as,9%¢
17.5¢8 75.2%

GREATER THAN
1.5x30€XPe

13,23
13,160
13.08
13.01
12.99
12,99
12,98
12.97
12.9¢
12'9‘
12.92
12.90
120“’
12.02

$5432
S4,84¢
56,49
54,24
5‘.1‘
54,14
54,08
54,94
54,99
95,93
53,45
55 74
55001
55,63

GREATEN Trad

ROHNS

14.35
14,26
14,17
14,08
14,08
14,00
13.99
13,9%
13.97
13.9%
13.94
13,93
13,94
13,97

1.5% 1nEyPel

TIw¢ ~/0

§9.79
59,44
$9.05
86,600
Sh 45
8,37
58,28
¢B,.24
sY,2n0
h.14
Sw,09
ty,0%
tH,07
£u.19

GREATEX THAN
1.5%10EXP ey

12,86
12,04
12.91
12,77
12,73
12,08
12,0
12,58
12,924
12,93
12,49
12,45
12,44
12,42

53,60
33,46
$3,37
54,22
53,09
92,082
52,95
52,43
52,31
£2,19
82,05
51,90
81,88
$1,74
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GOEATsH Tran QREATER TuaN GREATER THAN GREATER Tran

1.5xrEvPee 1.5x 10EXPeS 1.5% 4NEXPed 1.9AnENPeg

DAY

‘P THE

YEaQ w0nAsS  TIME n/e HOURS TIWg o/sn ~ MOURS  TIME 079 nQUHS TIne +/p
ar 23 0,70 82,40 19.4? 81.14 18.73 78,03 15,36 64,01
[P "2t 20.B* 67,01 20,59 8%.C0n 10,89 82,87 17.%?7 73.22
sEP 29 °1.9¢ 91,47 21,68 90.31 214.0% 87,70 19.30 80.43
sEr-- 28 D2.9¢ 5,76 P2.72 94,88 27.1? 22.37 20.49 26, 6A
sgPp 27 23,99 90,98 23,01 99.2n 23.23 96480 22.13 92,20
sSEPr 20 24,0 100.00 24,00 1n0.00 24.00 100,00 23,85 97,20
SEP 29 24 pn 10¢,00 24,00 100.00 24,00 100400 4,00 100.00
SEP 30 C4,0" 100,00 24,00 180.00 24,00 100400 24,99 100.00
oct 1 c4,0" 100,00 24,00 100.00 24.00 100,00 23,19 96.63
.15 SR | 24,00 100,00 26,00 1n0.00 23.60 968,33 22,39 98%,3¢
ocY 8 23.)4 98,92 23,48 97.85% 27.88 95,3% 21.48 89.30
gcT- & 58,04 9s,95 22.77 04,85 22.08 92,01 20.31 4,69
oc? 5 22.22 92,60 21.92 91.3¢ 24.15 88,12 18,97 79.0%
BCT 6 21.2% 68,82 20.9¢ a7,.2¢ 20.07 83,62 17,27 71.96

UREATER Tnawn GREATER TwmaN QREATER TrHak GREATE™ Than
1.5%x {0EKPeZ 1.5%30EXP=Y 1.5x10€XPe 1.5x30ExPey

st 23 13.43 55,98 15,12 84,67 12.7¢ 53,49 12.40 S1,6%
R 1300813 13,44 $5,87 14,09 84,98 12.72 52,98 12,87 84,93
sEr 25 13.38 $5,76 13,08 54,43 12.73 52.9¢ 12,338 1,39
26 13.3% 85,62 13,03 84,27 12.70 52.90 12,29 S1,22
sep 27 13,38¢C 55,41 12,98 54,07 12.¢8 52,06 12.¢4 $1.00
13 aulrd ] 13,23 88,44 12.%2 83,83 12.0? 82,78 12,24 850,09
sEP 20 13026 76.0’ 120“ 53,69 12.‘5 52171 12,46 59,53
eIV 18,09 79,20 12,03 43,488 12.63 2,02 12,19 80,77
oct 1 14,94 62,28 12,77 83,20 12.60 $2,%0 12,17 50,71
oCrTTT 13,21 ss.ge 12,74 ss.s.g 12.57 52,37 12.15 50,04
ocT 3 13,20 54,99 12,74 $3,0 12.53 52,20 2,13 50,56
oeT "4 13,18 94,90 12,73 $8.06 12,48 51,99 12,11 $0.,4?
ecT % 13,15 54,79 12,73 £3,08 12,43 51474 12,09 £p,36
gt — % 18.12 54,04 12,72 $3.00 12.38 51,36 12,08 50,24

Thirty deg: Foge 10
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GOPFaTeR THyaN GREATZR TwaN GREATER THaWN GREATER Tman .

J 1.5x1"€yPeb 1.5x1nExPeS 1.5x1nEXPed 1.5x17€XP s} i

?

. XY

| « DAY 50.\
GF ThE 0

f YEAR =0"R&  TIME n/0 wQRS  TImF u/n HOUNRS  TINE 0/0 HOURS  TIMF »/p a&

Yo S

- 1y

1 ocT 7 49,9~ n3,26 19,87 n1.9n 18.80 78,35 15,01 62.53 -
octT 8 1A .97 78,83 18,58 77.28 17.40 72,84 13.47 %6.12 e
o2t 9 17,74 73.93 17,38 72.4n 15.95 66,45 13,39 §5.63 (3
act 10 16.6% 69,40 16,19 47,22 14.01 58,39 13.26 55,2% “
6CT 11 15.4% 44,54 164,79 1,84 13.86 $7,7% 13 24 §5.13 :;
6CY 12 +8.3¢ 69,63 14,29 %9,10 13,8n 57,50 13,722 €y, gv i
acT 13 4, pF 59,35 14,20 €9.17 i3,78 57,42 15.2:2 £5.04 {0:
6CT L4 4,28 59,35 14,20 9.4 13.7e 57,35 13,60 c4,98 LA
0CT 19 14 2¢ 59,35 14,19 $9.14 13,74 57.27 13.18 ca,94 -
6CT 16 4.7 $9.35 14,19 9.4 13,72 $7.19 13.16 €4.83 X
ACT 17 4. an 65,21 14,29 59.14 13.71 57.14 13.1$ 5¢,73 N
acY 18 18,2 43,75 14,75 L1.4M 11,7% §7.29 13.11 ca.51 ..l(

.. 0cT 39 16,23 67,61 15.814 4C.9n 14,04 58,54 13,10 $4,57 ..'l

‘ oCT 20 +7.2% 71,80 16.88 70.38 15.63 85,12 13.11 o8 W

) GREATER Tran GREATER TwmaN GREATER TraN GREATEM Tpan .':"

. 1.5x1ngxp=2 1.Sx 1NEXPey 1.5x1JEXPQ 1.5x10ExPey ne

\- i

* oet 7 13.47 Sa,4% 12.71 52,96 12.28 51,17 12.02 0,10 &
oCT 8 t3.0¢ 54,24 12.70 $2,90 12.26 51,04 11,98 49,73 .
act 9 12.9% 53,97 12,08 £2.8% 12.24 90,99 11,95 4y 7 (AR
ecT 10 12.8° 55,67 12,06 52,73 12,28 50,96 11,07 49,48 o,
ect 11 te.s8e 53,5/ 12,63 52,6 12.22 50,92 11,04 49,34 ;.:,
aCY 12 12.83 53,48 12,59 .46 12.24 90,08 11,82 49,23 gt
ect 33 12.8% 53,36 12,94 £2,27 12.20 5,03 11,79 49,11 px]}

. act 14 12,77 58,22 12,49 52,03 12.18 50,76 11,75 48,97 ?

’ oCT 31§ 12.74 54,06 12,48 51,84 12.17 50,69 11,72 48,83 e
00T 16 12.72 54,01 12,42 51,75 12,14 5¢,59 1.7y 46,74 ’

- pct 17 2.7 52,90 12,40 53,68 12,11 Sy.14? 11,08 48,68 }_

’ act 18 12.7¢ 52,91 12,44 51.6¢ 12,00 5092 12,06 45,60
0CY 19 12.%7 52,84 12,956 $1.50 12.08 50413 11,06 48,52 j
6CT 20 12.6¢ $2,77 12,938 $1.39 11,90 49,99 11,062 49,42 :

[ o

1

.'..(_

{ l.\l
.
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GREATER THaAN aREATER THaAN GREATER THAN GREATER Than

1.5x $1NExPed 1.5 10EXPeS 1.5%x10E¥Pocd 1.5x 10ExPey

L]

DAY v

of Twe o - °

YEAR WDIRS  TIME o/0 WOURS TImg 0/90 HOURS TIME 0/0 MOUKRS TIME r/0 a:-

oC? 23 18.30 76,26 17.96 74.82 16.98 70.7¢ 13,15 54,01 !
T ¢ 1%.42 09,92 19,10 79.89 18,27 76,12 14,26 89,40
act 23 ?0.4? 85,30 20.1¢ e, 14 19,49 81,49 17,12 71.32
TN 21,49 89,54 24,24 LIT% 31 20.63 85,94 18,83 78;:46
ocY 28 22.5" $3,73 22.34 02,90 21.%0 90,64 20,27 84,46
BT 26 23.%8 98,04 23,35 7,29 22.76 94,00 21.5? 89,89
oct 27 24,00 100,00 24,00 100400 23.97 99.489 22,76 94,85
FCYT & 24,00 100,00 24,00 160.00 24,00 100400 24,00 100,00
6CY 20 24,00 100,00 24,00 100,00 24,00 100400 24,00 100,00
FTY IO 24,00 100,00 26,00 100.00 24,00 100400 23,73 e8,86
8CT 31 24,00 100,00 24,00 100.00 24,00 100400 22,7 ©4,83
ROV ¢ 23,96 99,82 21,68 98,49 23.07 96,31 21,69 90,39
nov 2 23,0t 95,85 22,74 94,76 22,40 92,10 20.46 838,24
"oV ¥ 22.01 9,7 24,72 90.90 24.03 87,04 19,06 79,40
QREATER THaN GREATER TwaN GREATER THaN GREATENR Thmal

1.5x10€XPe2 1,5x10EXPeL 1.5x30EXPe0 1.5x 10ExHey

8cT 21 12,54 52,68 12.30 1,26 11.95 49,80 11,60 48,31
wET—2T 12,62 $2,99 12,27 i, 11.94 49,78 11,97 48,19
ocY ¥ 12,60 52,50 12.22 $0.92 11,93 49,70 11,58 48,04
e 12,57 52,89 12,80 - 90,02 11,91 49,64 11, ¢9 a7,87
0cT 2% 12,5¢ 52,26 12.18 80,76 11.90 49,56 13,45 47,70
TCcr—2¢ 12,51 52,11 12.16 80,66 11,88 49,48 11,44 47,68
oCT 27 12.4% 5,98 12,1¢ $0.50 11.8% 49,39 11.42 47,99
ot 28 47,84 74,32 12.14 80,46 11,83 49,27 11,4 47,53
eCY 29 19,49 79,80 12,08 50,32 11,79 49,14 11,39 47,40
T3 17.,9%¢ 78,47 12,03 80.14 14,746 48,90 11,387 7,38
cCcT  3i 12,45 51,89 14,99 49,95 11.73 48,80 11,35 41,30
WOV T 12,44 51,84 14,98 49,92 11.87 48,62 11.33 47,20
NOV 2 12,42 51,79 14.97 9,89 11,69 4u, 54 11,30 47,10
wxov- 3% 12,39 91,64 14,97 49,06 11,63 B 45 11,¢8 46,99

2

LAY

ol
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GEEATFR THAN AREATER THaN QREATER THAN GREATER Twan

1.5x1"EYPeé 1.5x1nExPoS 1.5x30€%XPed 1.5%x4nEXP~Y

DAY

eF twf

YEaQ ~0URS  TIME /0 WOURS TImg 0/n WOQURS TIME 0/0 noUNRS TIME f/0
NOV 4 20.97 A7,38 20.6?7 6,12 19,89 82,87 17.514 72,96
LoV ] 19,809 82,89 19,86 AL.48 18,87 77.8¢ 15.59 64,98
NOV 6 18,74 78,00 10,43 76.7A 17,41 72959 13,03 4,29
\OV 7 17,70 73,73 17,33 v2.24 16.0% 66,88 12,00 82,82
OV 8 16,63 69,311 16.19 67,49 14,42 60440 12,97 52,38
KOV ) 15,50 64,58 14,94 AQ.24 13.30 $5,4)3 12,54 $2.26
AQV 10 14,39 59,98 «3.70 87.09 13,19 54,94 12.51 82,14
»QV 11 13,74 87,26 13,68 §7.02 13.15% $4,77 12,49 %$2.02
OV 12 13,60 $6,23 13,46 86,07 13.08 4,49 12.47 $1.97
AQV 13 13.50 98,23 13,68 88,06 13.07 54,44 12.47 1,94
L0V 36 13,60 86,23 13,45 846,06 13,00 S4,490 12,46 84,94
NOvV 18 13.50 56,24 13,45 66,36 13.0% 84,37 12.48 85,087
NOV 36 14,60 69,84 13.90 17,9 13.08 54,48 12,44 S4,84
rov 17 18,70 68,42 19.29 43.36 13.,1¢ 54,98 12.43 851,80

GREATEN Trman GREATEH THaAN GREATER THAN GREATERN Twan
1.Sx1vExw=2 1.5x 10ExPwy 1.5% 10EXP*0 1.5x 10ExVFey

NOV 4 12.3*% 51,50 11.92 45.83 11.60 44,35 11.¢% 46,06
NOV H 12.3? 91,34 11.95 49,78 11.95% 45,23 11.¢1 46,71
NOV 6 12.2" 51410 11,74 49,71 11,54 49,10 11.17 46,54
sov 7 12,24 Sp,90 11.92 49,68 11.51 47,995 11,44 46,40
NOV 8 12.17 5¢.79 11.%% 49,631 11,40 47,83 11.12 48,32
NOV $ 12,49 50,64 11,89 49,53 11.47 47,89 11.30 48,24
»0V 10 12,1+ 50,58 11,67 9,44 11.4¢6 41,77 11,00 46,16
NOV 11 12.1°¢ 50,51 11,04 49,34 11,46 47,73 11,05 40,006
NOV 12 12,10 50,44 11.9% 49.22 11.4° 47,69 11,08 45,95
nOv 13 12,0Y 50,30 13,780 4y, 08 11.44 47,69 11,00 45,063
MOV 14 12.07 50,28 11,74 48,92 11.4¢ 47,68¢ 10.986 5,73
AQY 15 12.0¢ Sp,1% 13.70 e8,74 11.48 ¢],54 10,95 45,64
OV 16 12.07 594,07 11,60 44,68 11,39 4/,48 10,94 45,59
NOV 17 12,0 49,99 11.068 48,65 11,38 4,44 10.v3 49,54

o e
« e

LA NS

X
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QREATER THAN ARCATER ThaN GREATER THAN QREATER TaHah
1.5x40CYPeé 1.510ExPeS 1.5 0E%Pay 1.5x108xPe} H
Day
or Twg
YEA® WOURS TIME 0/0 HAURS TImp 0/0 HOURS  TINE 0/¢ WOURS  TInL 8/0
NOV 18 16,83 70,04 16.42 68,46 14,96 62,34 12,42 31,7 !
wgv—Iv 47,94 74,74 17,9 73.30 16,92 68,09 12,958 82,42
w0y 20 18,98 79,08 10,68 77,88 17.03 74,30 13,49 84,21
AoV 28 20.00 03,34 19,78 1.1 19,02 79,26 16,93 08;0¢ i
nNOY 22 21.04 87,69 20,80 86.0¢ 20.12 03,04 18,20 79,84 |
NOY 23 22,07 9,99 24,084 94.0¢ 2i.18 08,24 19,64 84.70
NOV 2¢ 23,12 9,32 22,97 I I 22,24 92,68 20,89 87,08
NOV- 28 24,00 100,00 23,93 99,69 23.38 7,48 22,14 92,11 =
NOV 26 24,00 100,00 24,00 100400 24,00 100:00 23,34 97,18 L
OV 27 24,00 100,00 26,00 190,00 24,00 100,00 24,00 100,00
NOV 28 24,00 100,00 24,00 100.00 24,00 100.00 26,00 160.00
NOVS 29 24,00 100,00 24,00 100.00 24,00 100.00 23,13 96,37 \
NOY 3¢ 24,00 100,00 23,82 9,24 23,22 96,74 21,96 94,49 '
e -1 22.99 98,99 22,72 0.0 22,14 02,29 20.66 86,08 =
GREATER TmiN GREATER TwaN GREATEHR THAN GREATEN THaN
1.5x10ExPe2 1.5x10EXPel 1.5x 10CEXPeO 1.5x10ExPey
- —— —— PP ;
NOV 48 11,9k 49,90 11,87 a8,8y 11.36 67,32 10.92 45,45 !
xov -39 11,96 49,85 14,06 48,97 14,33 47,23 10,91 45,44
NOV 20 11,98 49,81 11,65 48,53 11.32 47412 10,89 45,38
ROV 2T 11.95 4% 78 11,066 48,48 11.20 46,99 10,08 49,382
NOY 22 11,94 49,74 11,63 a8, 84 11,24 46,88 10,98 45,25
wov—2y 11,938 49,72 11,062 40,4 11,21 46,72 10,04 45,18
NOV 26 13,93 49,70 11.60 48,35 t1.24 46,70 10,82 45,10 :
OV 2% 1i.92 49,66 11,59 48,39 11.20 46,008 10,8¢C 45,01 )
NOY 28 16,77 69,86 11,58 48,28 13.20 46,08 10,78 as,9)
T49,0% 79,38 11,97 408,20 14.19 46,064 10,75 44,84
nOV 28 18,50 77,07 14,53 408,44 11.19 46,62 10,73 44,69 A
WOV 2V 15,88 65,114 11,5¢ 48,08 11,18 46,99 10,74 44,64 .
KOV 30 11,90 49,56 14,93 48,03 14,10 45,97 10,71 44,062 -
PICT T 11,87 49,47 11,91 47,97 11.17 46,93 10,70 44,59

£,

Thirty deg: Page 14
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GOEATER ThaN BREATER TwaN GREATER THAN GREATER Twaa

.
1.5xinEyPes 1.5x10€xPes 1.5%x10CxPed 1.5x10ExPe} ﬁ_
DAY )
or THE '&.
YEar uOItRS  TImg as9 “QURS TiMg 070 WOURS TIMg 0/p WOURS TImg ¢/0 I
PEC 2 21,99 91,45 24.66 00.26 21.04 TR 19,28 o -
.1 44 3 20.8¢% 86,79 20,598 AS,. 66 19,087 82,89 ‘7:‘3 72::: .
pEC 4 19,71 82,21 19,45 Al.0e 18.73 77,96 16,18 67,30 '
.} a2 ] 16,7% 77,94 10,49 T6.4A 17,954 7808 13,3 87,78 :‘z
REC & 17,69 73,65 17,34 72.27 16,30 67,93 12,383 $1,38 A
BEC 7 6,82 69,28 16,22 67.6n 14,82 81,78 12.21 50,89 X3
ngc 8 15,50 64,89 13,06 AZ.68 12,98 $¢,06 12.20 50,84 K
BEC 9 144y 80,03 13,04 86,84 12,80 53,33 12.19 80,080 W
nEc 10 13,29 85,19 13,20 $95.00 12.76 83,16 12,19 55,78
L] {-s §1 13,24 5%,19 13,20 84.99 12.%¢ 83,18 12.18 850,76 i
PEC 12 13,24 $8,49 13,20 54,99 12,76 $3.48 © 12,18 80,73 N
nEC 13 13,24 88,49 13.20 €4, 99 12.76 53,16 12,17 50,73 N
DEC 14 01,24 88,47 13,29 54,99 12,76 $3,16 12,14 $0.69 v
PEC 15 4.1 58,76 13,22 85,08 12.79 $3,27 12,16 60,66 \ﬁ'
GREATEN Tmgw GREATER Twan GREATER Than GREATEN Thah g
1.5x1ugar=2 1.5x10£xPey 1.5 UEXPeg 1.Ex10ExPey A E*
] 4+ 2 11,88 49,31 11.5%0 7,94 11.17 46,53 10,70 44,97 "
6EC 3 11,78 49,10 11.49 47,84 11,16 46,5y 10.69 64,89 &
nEC 4 11,78 48,93 11.47 42,77 11,10 46,48 10,09 44,83
REC 8 11,7s 48,92 11,45 7.7 11.15 46,40 10,08 €8,
PEC 6 11,7¢ 48,91 11,438 47,62 11,14 46,43 10,68 44,49
pEC 7 11,74 48,90 11,41 47.54 11.1¢ 48,44 10,07 44,47 a\
nce 8 11,73 48,89 11,49 4,44 11,14 46,38 10,67 64,48 ;
PEC 9 13,73 44,808 11,96 47,34 11,12 46,44 10,06 44,43 g
DEC 10 11,78 49,8/ 11,45 47,44 11.11 46,33 10,06 44,44 N
neec 11 11,74 49,806 11, 46 47,32 11.11 46,27 10.0% 44,39 ¢
BEC 12 11,72 4B, 54 11,46 47,34 11.1v 46,23 10,65 4,37 7
pEC 13 11,72 40,89 11,87 41,37 11.0Y 46,19 10,04 44,39 i)
peEc 16 11,7¢ 49,82 11.3? 47.39 11,00 46,15 10,04 44,32 "
DEC 18 11,71 48,80 11,368 47,4y 11,06 46,09 10,04 44,30
e
5%
o3
<4
71
3%
Ry
'
8
4
LY
3¢
&
hA
-&
7
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GREATFR Twaw QREATER Tual GREATER THAN GREATER TraAA
1.5xs0LxPeé 1.5x10CXPeS 1.5 ENPead 1.5 0ExPes )
DAy
oFf tvE .
vEae wCURS TIME 0/0 walRS  TIME 0/0 MOURS TINE 075 WOURS TIME /0 -
pEC 16 15,25 63,94 14,72 41,38 12,89 $3.7 12,16 50,65 "
WECTIT 16,48 68,45 16,04 46,71 14,438 60408 12,18 Sp.64
pEC 18 17,48 72,84 17,16 71.9%0 18,03 66,1084 12,24 84,00
“BET 1Y 168,90 79,08 10,28 78,08 17,33 12,30 12,65 22,73 :
ptc 20  19.56 84,48 19,28 AD.33 18,50 77,09 15,78 65,73 !
BECTTT 20,60 665,85 20,38 ne, %2 19,62 81,7 17,55 73,14
pEC 22 21,66 90,25 21,38 89,09 20,70 86.28 18,97 79,05 \
stc— % 22.7 94,83 22,43 93,47 21,03 90,07 20.30 84,98 {
8EC 24 23,78 98,94 23,53 98,0% 22.93 $5,49 21.60 90,01 i
PET 29 24,00 100,00 24,00 10,00 24,00 100400 22,89 98,22
pEC 26 24,00 100,00 24,00 160.00 24,00 100400 24,09 1n0400
ptc— 27 24,00 100,00 24,00 160,06 24,00 100400 24,00 100,00 i
pEC <8 24,00 100,060 24,00 100.00 24.00 10000 23,73 98,89 5
ptc— 2y 24,00 100,00 24,00 100,00 23,62 98,36 22,35 53,13
GREATER THaN GREATER THAN GPEATER THaN GREATE™ Thah :
1.5x10EXPe2 1.540€XPsY 1.9 CEXPeD 1.5x L0EXPey -
oLc 16 11,71 48,7¢% 11,39 47,44 11.0% 46,04 10,63 44,28
T3 $i.70 48,77 13,89 47,47 11,04 45,99 10.62 44,26 -
pEe 18 11,74 48,70 11,40 47,49 11.02 45,93 10,62 44,24
ec—3y 11,78 40,09 11,40 a7,51 11,01 45,87 10.61 44,22
pEC a0 11.7¢ 48,99 11,44 47,54 10.99 45,98 10,53 44,19
-pEe— 2T 31.7Y 49,11 14,42 47,98 10.98 45,79 10,060 44,17
pEC 22 11,88 49,20 11,42 47.9%8 10.986 45,74 10,60 44,16
pre—7F  11.63 49,29 13,42 47,00 10.90 45,75 10,99 44,14
BEC 24 11.84 49,34 11.43 47,62 10.98 45,74 10,59 44,12
wre—7y 14,98 62.32 11,93 Y 10.%8 45,76 10.99 44,11 .
pgc 26 18,28 76,0 11, 4¢ 67,65 10,98 45,77 10,60 a4, 18
w7 1%.15 79,61 11,44 47,68 10.9Y 45,77 10,62 04,23 -
nEc 28 17,30 72,40 11,44 47,07 10.9Y 45,78 10,063 44,27
“FEC— 2V 14,06 49,62 11,44 47,69 10.9Y 45,78 10,04 44,32
o]
)
3\
i
p
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GSFLYEN Tuyw GREATER Twan GAREATER THaN GREATER Trya
1.5% 1"ExPes 1.5x1nEYP=5 1.4 0EYP o4 1.5x1rEXPeY
* Day

eF THE
YEAR wJr-RS  TImg Aay9 «g'tRS  TImg nyn QRS TIMg 0790 M01WS  TIME ¢ /0
REC 30 5.3 97,47 23.12 06,39 22.427 93,63 21.09 Ry.87
PEC 31 02.24 92,67 22.0¢ 91.664 21.37 89,06 19,74 82,43
JAN 1 71,27 AR, 42 20,94 *7.2% 2n.28 84,50 18,41 78,72
JAN 2 an,20 ne, 19 19.92 a2.99 19.1Y 79,98 16,93 70.53
JAN 3 19 ,1¢ 79,995 18,89 M. 7n 18.07 75,28 14,90 42.09
JAN & a8 e 75,87 7,88 v4,20 16.4% 70.2¢ 12.4n t1.6%
JAN 5 17.n° 71,21 6.7 3,69 15,44 4,33 12, 8¢ €y,27
JAN 6 15,97 A& .55 15,55 48,79 13.60 56 .69 12,29 1,06
JAN 7 a4 83 41,76 14,18 §9.0"° 12.97 54.06 12.23 Sc.9¢8
JAN s 3.k 56,88 3,44 8% .99 12.91 $3.78 12.2¢ Sp .98
JAN 9 <4, a9 94,27 3,43 8%.97 12.,9% 53,76 12,24 S1.01
JAN 10 ‘3,49 24,22 3,48 €Yy,97 12.91 53,74 12,25 1.0¢
JAN i1 15,45 §4,22 3.4 55,98 12.9¢ 53.80 12,24 €1.10
JAN 12 13,40 64,22 13,44 «$,9a 12.92 $3.87 12,27 €1.14

GREATEN Tran AREAVEN Twan GREATER TwHan GREATER Thgn
. 1.5x1gxPe2 1.5x10EXPeY 1.5xiUErP ey 1.5x10ExXP*Y

’ PEC 30 11,85 49,48 11.45 47,70 10,9 45,79 15,069 44,37
rEC 31 11,84 49,49 11.45 47,29 10.vY 45,84 10,00 ag, 4y
JAN 1 11,8 49,42 11,45 47,74 11,04 45,85 10,07 44,45
JAf T T2° 11,88 49,490 11,95 41,72 11.03 45,97 10,68 4,49
Jit 3 11,85 49,3v 11.,9> 47,73 11.08 46,07 1y,09 44,54
G 4 11,85 49,38 15,40 47,73 1,08 46,16 10,7y 44,58
JAN 5 11.8° 49,30 11,40 47,74 11,10 46,25 19.71 44,63
Jhis 6 11.85 49,39 11.4¢ 47,75 11.1¢ 46,33 19,72 44,67
JAN 7 11,84 49,41 11.9¢ 47,74 11,19 46,39 19,74 44,71
JANTT 8 11,84 49,49 11,46 a7, 11.19 46,45 10,74 4,8
JAN 9 11,47 49,45 11.47 47,78 11.16 46,54 19.7% 44,81
"JANTT YO 11.8" 49,48 11.5y 47,94 11.1/7 46,59 10.77 4¢,85
JAN 11 11,8 49,51 11,23 48,05 L1.1Y 46,6y 19,78 44,91
JANTTIZ  11.89 49,53 11,58 48,17 11.19 46,64 10,79 44,96
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™

g
‘l,
i
!..
N
I:;
‘..I.
GOEATFR THaN QREATER THaAN GREATER THaN GREATER Thar 4
1.5x10EXPap 1.5x10EXP»S 1.5x4CEXPed 1.5x10EXPegy ; o;,'
.
Day : ’ K
6f THE 3
YEAR QRS  TIME g/0 WOURS Time o0/0n MOURS TIME 0/ HMOItRS TIME e/0 -y ,:: ;
».2 e
JAN 13 13,9¢ $7.91 13,45 $6.07 12,94 53,98 12,29 €1.19 R
JIRIT 5.1 62,97 14,48 40,32 13.03 54,3~ 12,30 £1.,2% (O
JAN 15 16,28 87,54 18,77 65.72 13.83 57,6, 12.31 63,34 N
JEEN—38 17 .24 74,83 16,91 10.44 15,61 68,04 12,36 €1.95 ‘. ¢
JAN 17 4A,3n 76,26 17,96 74,88 16.98 70,78 12.58 £2.,43 ¢
JIN 18 19,30 Ap,72 19,06 79.4n 18,19 75.78 15,04 82.67 \
JAN 19 D0.4e 85,16 20.14 A3.9n 19,36 60,68 17.0% 70.86 N ¥
JAN T 20 »y,40 "9 ,82 21.20 AB,33 20.51 85,48 18,54 77.26 )
Jah 21 22.62} 94,29 22,34 a9s.p8 21.65 90,20 19,98 83,24 v
kR T 220 237 °p,79 23.42 97,89 22.7¢ 94,93 21,34 88,93 L
JAK 23 24 .00 100,00 24,00 1n0.00 24,00 100400 22.6¢ 94,18 ":
JAK 28 24 ar 199,00 24,00 1n0.0n0 24,00 100.00 23,96 99 .85 '
JAN 28 24,00 100,00 24,00 ino.cn 24,00 100.00 26,00 100.00 ST
gERT 26 24,0¢ 100,00 P4,00 100.00 24,00 100,00 28,10 100,00 - &
2
GREATER THaw GREATER TwaN GREATER THaAN GREATE® TraN .?
1.5%x10EXPe2 1.5x10EXPeY 1.5XACEXPeQ 1.5x10ExPey . e
JAN 13 11,89 49 .56 11,58 48.27 11.2¢ 46,67 10,890 45,01 »
TN 11,90 49,59 11,64 48.38 11,28 46,70 1p.02 45,97 N\
JAN 15 11,91 49,62 11,63 48,45 13.22 46,73 10,848 45,12 e
TN 11,92 49,67 11,64 48,52 13,22 46,74 10,84 45,17 f‘,
JAN 4?7 12,97 49,80 14,66 49,98 11,238 46,78 10,85 45,227 ey -
Y 12,02 50,07 11,67 48,64 11.23 46,00 10,87 45,28 f
JAN 40 12,06 S0.,2% 11,69 48,49 11.2% 46,088 10,49 49,37
JEN 20" 12,10 Sq, 40 14,70 48,73 11,27 46,98 10,93 45,52 .
JAN 21 12,33 59,54 11.74 48,77 11,30 47,07 19,96 45,66 IN
UENTTIT 12,19 50,69 11,72 48,80 11.32 47,38 10,99 45,79 ke
JAN 23 12,17 50,70 13.72 48,03 11,34 47,24 11,02 45,90 O
TR 17,27 74,97 11,78 48,88 11,306 47,32 11,04 46,00 i
JAN 25 19,16 79,76 11,73 48,88 11.41 47,93 11,06 46410 q
RIS 18,48 78,81 13.73 4. 89 11.45 47,72 11,08 46,18 -
.'! .
oo
{
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r 4l
b
-
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fe:
Lo

Dav

eF TwE

YEAR

JAN
JAN
JAN
JEN
JAN

‘red

Fio
FEY
fEb
rEs
Fio
1 4 9]
[44]
FEs

FEgs
FEB
FEb
réb
rEe
FEb
res
FEo
PES

OB N0\ S W

e e PO
- O om~

O @V NS N

GOEATER THyy

1.54"ExP=6

HOURS  TIME asp
24 .,90¢ 170.00
23,7% 90,88
22.71 94,64
21,70 9,42
20,69 86,24
19,A4 Ay ,92
<R, 59 77, a4
17,.4P 72,42
16,39 68,28
15,23 83,47
14,47 89,02
1 3,7% 7,27
13,7¢ §7,27
13.7% $7,28

QREATEN Tmawn
1.5xX1NEXPe

15,20
12,20
12,24
12.2¢
12,22
1¢.2%
12,23
12,24
12,24
12,24
12,26
12,3
12,34
12,39

63,39
50,07
So,88
S0,91
$0,99
50,92
90,9/
Su,9Y
51,00
31,02
51,09
$1,2%
51,40
51,62

AREATFR TwaN

=QUIRS

24,00
23,40
22,44
21.4)
20.43
19,458
1R,2%
17.14
19,94
14,79
13.71
3.7
13,7
13,74

1.5x 1NEXPeS

TIuMF 0/n

100,00
97.74
93.9¢
A, 20
45,04
an,en
76,04
71.47
46,4
A1.24
67,44
87,114
87.42
87,48

GREATER THan
L.SxiuEYPey

11,74
11,74
11,75
14.77
11,91
11,84
11.%0
11,Y6
12,00
12,04
12,08
12,11
14,19
14,19

Thirt;' deg: Page 19

9,91
49,93
48,94
49,006
49,20
49,33
49,99
49,84
S0.014
%0.17
$06.32
$0.44
$C.55
50.63

33

GREATER THan

1.9d4rEXP=4

HOURS  TIMF Os¢
24,00 30000
22.92 95,48
21.8¢6 931,10
20.081 86,74
19,72 62010
18,59 77,44
17,30 72. 84
18.98 66,58
14.27 59,44
13,37 $5,72
13.3¢ 55,49
1%, 3 55,45
23,33 55,56
13,36 §9.66

GREATEN THaN
1.5x1CEXPeg

11.4Y
11,54
11,56
11.5¢
11,68
11,863
11,05
11,67
11,60
11,09
11.7v
11,72
11,72
11,79

47,89
4an,yé
48,17
48,20
49,38
49,47
48,54
48,061
48,47
48,72
48,76
a8,bp
48,83
AB 86

CREATEN Tran

1.5x $nExPey

rOuNS  TIWMF ryn

22,92 95,49
21.72 96,94
20.47 89,30
19.18 79,084
17.67 73,62
18,7 45,40
12.99 €3.7¢%
12.74 £2.97
12.71 £2.97
12.72 5§2,98
12.72 3,01
12.73 3,04
12.74 $3.06
12.74 £3,0%
GREATEN Thaa

.Sx 10ExPey

11,10 46,46
11,12 46,34
11,14 46,40
11,19 6,46
11,17 46,92
11,18 ae,98
11,19 40,83
11,40 46,68
11,41 48,72
11,22 40,77
11,23 49,84
11,26 48,92
11,38 47,07
11,33 47,21
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{3
b K
GREATPH THAN gREATER TwN GREATER THaN GREATFK TWan .
i.5x80¢xPeg 1.5%x10E1Pe 8 1.5%x 3 0EXP=4 1.5%x10ExPey R
-
DAY K
of TwE !
vYEan =wCURS YIME nsp MOURS  T3IWg o0/¢ WOURS YIME 0/0 wOURS  TIMF n/9 S
i\ H
rEs 30 13,78 s7,28 13,73 $7.34 18,38 55,78 12,79 $3,14 I
14,00 ', 13,9 88, 0@ 13,46 56,310 12.79 53,34
rey 12 15,18 2,08 14,34 9,75 13 %2 Sho4 12,83 §3,45 (
~yIr 17 96,20 47,82 19,70 a5, 4n 13.65% 56,00 12,00 93,67
JE8 14 17,25 73,87 16.89 Yi.97 18,43 64, 2y 12,99 54,11 v
wEs g3 16,34 76,08 18,04 78.¢% 16.09 70,37 13.11 S4,64 ‘
PES 36 19,46 81,07 17,13 79.7 18,18 75,78 14,84 60,15 ¢
yE8 T7 0.5 08,40 2n 22 e, 23 19,42 00.93 16,68 69.52 P N
rEs 38 71,8¢ 0,30 : 87 89,04 2n,63 85,96 18, 4% 76.80
“YEEYY 22,72 94,67 22,44 ), 48 04,78 90.61 19,93 83,03
rE€6 <O 23.°¢ 98,76 23,42 97,%? 22.78 94,9y 21.2% e8,55 ¢
YEe 1 7.0 100,0° 24.00 100,00 23,78 99,00 22,44 93,50 ¢
rge 22 24,00 140,00 24,00 100,00 24,00 100,08 23,44 97,65 i ad
TPEeT 23 74000 100,00 24,00 1:0,00 24,00 100.00 24,08 100.00 :_
CREATEN Tmaw GRIATEN Tuan GREATEW THAN GREATEN Thah N )
1.5x10gave 1.5x10E¥Pel 3. 5x30E AP0 1.cxicCurel .
P€6 10 12,44 53,04 12,17 §0.74 11.78 ey, 89 11,48 47,4} \
YLy T 12,4° 2.0 12,1 $).7? 11.%¢ A8,y 11,43 47,62 . .
rcE 12 12.,%3 52,21 12,40 $0.02 13.77 49, 06 11,47 47,84
e Iy 12,97 92,37 12,43 $0.97 11.08¢ 4.,23 1492 4,99 | .
rEe 36 3,60 82,50 12,82 80.9¢ 11.8% a4y, 49 11, >e ab, 00 2
TLE I 12,88 82,82 12,02 90.93 11.88 49,52 11,97 b ,19
PEU 16 12,88 52,74 12,48 Sp.04 11.94$ a9,7¢ 11,99 YT .
IO 17T 12,60 82,84 12.2¢ so0.98 11.90 49,92 11,01 ab, 39 .
rEe 30 L 2.7¢ 54,91 12.27 831412 12,04 50,40 11,63 48 ,¢? L
rre TV 12,7 52,98 12.82 35,93 12,00 50,49 11,08 w8 |
FEy 20 12,78 53,04 12,480 $1.5¢ 12,0V 50,48 31,07 4,61 ’
YE® Y1 41,7} $3,¢06 12,49 81,84 12.0¢ LY TR L) 11,08 ap,6? '
P¢s 23 15,28 603,40 12,42 $1.7% 12.1¢ YR Y 13.7¢ 43,73 .
PET 73 10,92 77,40 12,44 8.0 12,16 9G93 11,73 49,87 ¢
| g
A )
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ey

Dav
cF Tw
YEAG

(44
FEe
FEo
Fee
FEs
LR
Aw
mAR
AN
wAM
rhw
MAX
¥ ¥
wANM

ree
FEo
fFEbY
fLy
ek
wAN
AR
AR
vaw
vaAA
AW
wAM
wpw
wha

£

[SE VRN SR
[ SN Y B 3

OE N WS WN»

[N VY VI SNt
@ DO S

O X MO w» &

AeFstpi Twuuw
1.5x1°CYP=6

0 RS

24,
2e,
e,
2.
22.
21,

sa
«A
7
[

« 4

0"
n-
n-
25
[

e

L
-r”
e
Bl
14,
4,
.8
14,

-a

e

-

TImg nyQ

190.00
110.00
170,00
95,69
'?1‘2
n8, 08
LRI Y]
79.0¢
7a.87
7n'1‘
Y
AP 24
4n, 40
An.40

GapaTEw Trmyy

1.5x1 fIPe2
19.2¢ Ag,0b
16 ,9» 70,74
12,94 53,8%
12,9 $3,91
12.9% $3,9¢
12,98 4,00
12.97 S4,04
12,9~ 54,07
12,9% 56,10
12,9~ 4,19
18,0¢ ba,20
13,0% Se,48¥
18.35" 34,51
15.1% Se,84

GACaTFR Tuan
1.5x1irg¥P=5

LLITDR

24,00
24,00
2y,94
22.93
21.91
24,87
A
19,66
17,57
16,40
*5,39
ay, 47
14,40
té.4h

TImp Q/n

1n0.0n
100.00
9,81
5,94
91,34
€n,04
a2,.2¢
77,74
3.2
Al L4
Ad.ye
an, yn
an, 24
Ag,2¢%

GRZATEN Trak
L.5%x1CExPe}

12,44
12,49
12,98
1¢.20
14.5Y
14.9¢
12.04
1¢4.00
12.09
12.7¢
12.9¢
12,00
1¢,3Y
12.%¢

$1.9p
$2.08%
$2.21
$2.3%
52.47
%2.97
52,606
Sc¢.74
52,09
%8.180
S3.4p
84,98
$8.72
$3.82

Thoevy sy, Paye 71

GREATFR THaN
1.5x 1cExbked

=AUKRS

24, 00U
24,00
23.4¢
?22.3¢
71.31
n, 20
19,04
17,79
16,88
18,04
14.1*
14,08
14.67
14,10

T14F 0/n

100,00
100.00
97,5A
93.2%
88,89
84,14
79,35
74,43
68,57
62.6A
59.01
38,89
58,81
Ss."

GREATER THan
l.5x1cenPsQ

1z.4/
12.1Y
12.¢°0
12,723
12.2Y
17,08
12.37
12,40
12.44
12,44
12.45
12.47
12 4¢
12.48

Sys72
S0.77
50,82
50,97
51,24
51044
51455
51,67
51,78
S1.,0¢
51,90
SEAL
S1,v8
5¢+03

GOLATEN Trgna
1.5% 1 Cxb=}

[aTe IRERY

24,0
23,54
22,46
21.11
19,77
18,21
16, 5
13,064
13_47
13,48
13,42
13,49
13,41
13,49

TIMNF ¢/n

100.00
94,08
948,09
A7,90
82.37
79,48
7,91
€4.8n
$6.17?
96,09
€4,1:
€6.1%
t6,4”
a2

GREATEN Tran
1.5x1%ExPey

11,78
11,02
11.0%
11,08
11.Y0
11,%¢
1i,v4
11,9
11.v7
11,99
12,02
12,95
12,49
‘r.d?

4,07
49,23
49,47
a4y, 40
4y, 58
9,60
v, 24
4,89
49,00
8 } )
$50.09
89,22
$p.8?
S9,04




wAN 20 22.88 9¢,13 22.58 94, qn 2¢.9¢ 91,24 19.94 82.95
LY L 41 23,67 98,43 53,39 7,47 22.78 94,94 21,15 88.12
AR 22 P4 0t 100,00 54,00 100,00 <3,56 98,15 22,19 92,48
LERT 7T 24,00 139.00 24,00 100.0n 24,00 100400 23,08 96,17 =

GREATEX Tman GREATER THaN GReATER ThHaN GREATE® Tman -
1.5x1CExPs2 L.5xi0ENPaY

o

.5x 10EXPe

1.5%10ExPey

.
..

VAR 18 17,989 73,29 17.12 71.38 15.2% 63,98 13.80 7,49

uAN 16 18,71 77,98 <8,33 76,39 16.98 70.7S 13.8K €7.83 =
iR 47 19.8% 82,77 19,47 ny.47 18,43 76, 14,13 8,85 [
wAw 38 20.9% 87,2% 20.62 85,9n 19,71 82,13 16,43 68,47

WER 19 21.9% 91,61 24,69 90.22 20.08 86,99 18.42 76,74

WAW I3 13,28 55'32 12c9§ $3.9?7 12.50 ;2;°‘ 12,25 $1,05%
wAR 12 13.32 $5,51 12,95 $4,01 12,93 52,20 12,29 51,28
PER— Y 13,3¢ 55,60 12,97 94,08 12,61 92,58 12,32 S1.3¢ o
AR 34 43, 36 55,78 12,98 4.0 12.6¢ 52,04 12,485 51,45

VERT O\ 93,43 $s,89 s2,99 s¢.11 2,74 83,07 12,37 1,99

wAR 316 13,43 55,98 12,99 84,332 12,78 53,47 12,39 51,63 B
FAR LY 43,45 $6,09 13,06 S4,i4 12.82 53,43 12,44 $1.,70 T
AW 38 4346 56,09 13,10 54,97 12.9% 53,95 12,43 53,77
TEIT LY 13,47 6,19 13,18 54,75 12.00 93,08 12,44 $1,083
vAN 20 13,48 6,49 12,487 S¢,08 12.90 $3,74 12,45 v, 09
T 13,83 56,3 13,19 $4,92 12.91 35,04 12,%0 92,10
wAR 22 43,59 56,01 13,22 $5.08 12.93 55,80 12,55 32,30

-
1
~
GREATFR THa N aasaTeR TwaN GREATER THaN GRLATER Tuah
1.5x1rEYPeg 1.5x10EXP=S 1.3 0EXPud 1.5x1 QEXPmy N
DAY ‘
OF TwE
YEan “0UHS  TIME n/0 HOURS TIME 0/n “OURS TIME 079 HOURS  TIME ¢/0 £y
.2
wAR  §0 14,5 6p.40 14,46 60 .26 14,13 56,89 13,5¢ 56.23 o
FIN—LT 14,80 60,40 164,47 69.27 16,10 56,9% 13.51 56.27
AR 12 14,99 62,47 14,92 62,16 14,30 59,59 13,59 86,62 .
>gr—18 13,29 63,70 14,93 82.22 14,85 59,7 13,06 96,91
NAR 14 16,45 48,56 19,84 66.00 14,48 80,26 13.73 §7.19 :
waR 10 13,22 55,10 12,94 83.99 12,4 S2406 12,21 50.87
! gy 13,63 56,79 13,27 5,29 12,9%e 53,98 12,959 92,48

L]
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Davy
fF THE
YEAR
MAR 24
WER 28
AR 26
ugm 27
AW 28
PR 26
waw 30
AR 3%
APN 1
APR 2
APw K
APW 4
Avn 5
AP &
AR 264
‘wAR 2§
warl 26
mAR 27
wAR 28
wilk 29
»AR 30
[T LR Y
APNW 1
Apw 2
APN 3
APR 4
APM S
APm []

GOEATER THupN
1.5x1rEYPed

QRS

24,
24,
24,
24,
23,
22.
’1.
20.
19,
18,
17,
A
16
15,

0n
92
or
nn
.Y}
57
49
45
4"
4
4=
Qe

.2

e

TIMg ny9

100.00
190,00
100,00
100.00
98,87
94,00
A9,52
85,19
8n,82
74.89
72181
70,99
47,54
65,60

GREATER TmaN
1.5x1MEXP=2

17,
19,
1?7,
13,
13,
13,
13,
13,
13,
13,
13,
14,
1"
1¢,

23
02
an
LR
T
74
74
2?
ar
8e
9
01
oﬁ
0¢

74,27
79,23
74,4/
57,20
$7,29
§7,2°
971,27
97,38
57,51
$7,8¢
58,19
56,37
$8,5¢6
58,73

GREATER Twan

1.5 ngxPe=s

wOoURS  TImg g4n
24,00 in0.0n
24,00 1o00.0n
24,00 1n0.0n
24,00 1n0.00
23.4 97,.%4
22,38 93,17
21.2? a8 ,44
20.19% R3.97
19,07 79.44
18,0 75.25%
17.14¢ 74.42
16,53 Y- LT
15,72 AS,%n
15,6n 45,314

GREATER Twan

1.5x10ExPey

13,30 $5.43
13,38 §5.55
13,38 85,65
13.30 §5,74
13,40 55,083
14,46 56,09
14.58 56,37
14,58 56,58
13,02 56 7§
18,905 s6,48
14.07 50,97
13,09 §7.05
13,1 57.11
13.72 57,15

Thirty deg Page 23

57

GREATER THaN

mOUIRS

24,00
24,00
24.00
24,00
22.87
29.7%
20,63
19,48
18,26
17.45
15.03
15,27
15.1¢
15.13%

1.5x LGeXP~4

TInF 0/

100+00
100.00
100,00
100,00
95,27
90,62
85,98
81,09
76,19
71,46
86,79
63,64
62,99
62,98

GREATER THaN

12.97
13,03
13.0Y
13.1¢
13,19
13.18
13.1v
13.21
13,22
13,22
13,24
13,24
12,25
13.31

1.5x 10EXP0

94,42
$4,50
54,53
5¢,68
S4,8¢
54,99
54,927
$9.:03
55|U7
55,114
59,414
59,17
59,40
55,45

GREATER Twman
1.5x 1NhExXPe]

MO1IWNS

24,00
24,00
24,00
22,9
21,66
20.2¢
18,69
16,814
14,53
14,34
14,29
14,29
14,353
14,41

TInf r/0

100.00
1no0.00
100,00
98,45
90.2%
fd, 4p
77.8¢
70.05%
60,47
9,76
£9,53
€9,53
€y ,77
40.05

GREATER Than
1.5x10ExP

12,62
12,68
12,07
12.69
12,74
12,72
12,73
12,76
12,79
12055
12,91
12,96
14,04
xst‘

52,59
2,69
52,79
52,46
$¢,93
32,99
3,06
53,16
58,30
53,53
£4,080
S4,01
56,19
54,34
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- S - .- - . - - R FER S NI

w N ol eaebe,
hant
R
A
GREATER THaN BNEATER Twaw GREATER THAN GREATER Twmar
1.5x1 0€C¥Pué 1.5A0EXPeS 1.50EKPed 1.5A0ExPey -
DAY
ofF THE
YEAR HOURS TIME o/0 WOURS TIwWf 0/0 HOURS TIME 0/0 MOURS TIm= avzp g,
iR ? 15,74 65,59 18,68 6%.3? 15,13 63,09 1¢. 47 60.29 Ly
PR ¥ 15,74 65,60 18,68 AS,34 15,16 63,18 4,52 60,50
APR 0 15,74 6%,60 18,68 ¢5.36% 18,48 63,264 14,56 60,68
3T 15,74 65,40 18,69 45,364 18,2¢ 63,3 14,60 60,872
PR 41 i5.7e 65,60 18,60 65.38 18.21 63,39 14,63 60,95 '
PR—YZT 16,73 69,71 19,94 66,84 18,25 63,59 14,65 61,06
APR 33 17,94 74,76 17,39 72.46 15,46 64,44 14,68 61,17 .
PR 19,14 79,82 18,67 77.78 17.14 73442 14,71 61.30 A
APR 3§ 20.49 84,114 19,84 82,83 18,67 77,79 14,77 61,53 '
TR 21,44 89,20 ?1.78 87,693 19.98 63,26 15,98 66,46
APR 17 22.2°? 92,89 21.%1 91.29 29,04 87,67 18,16 75,68
PRI 22,96 85,67 22.07 94,44 21.92 94.33 19,74 82,25
APR 49 23.58 98,26 23,33 7.20 27,65 94,39 20,90 7,08 \')
TR0 24,00 100,00 23,92 09,66 23.3%0 97,09 21,84 91,00 -
GREATEN THaAN GREATER THWaAN GREATER THaM GREATEN Thah 4
1.5x 1 0ExPe2 1.5x 10ExFey 1l.5xiuExPep 1.5% 10ExPey i
- —_— = TeTmer— o 1Y
APR Y g4,43 58,86 13,73 $7.39 13.38 55.:74 13,u? 54,47
R0 14,15 8,97 13.73 87.32 13.45 $6,03 13,30 4,58
PR 9 14,1) 59,08 13,74 57,24 13,50 96,25 13,12 54,67
TPE—I0 14,19 86,13 13.7¢ £7.13 13,55 ELYRL 13,14 54,76 e
APR 13 14,20 59,48 13,82 §7.%6 13,58 96,59 13,16 54,83
Ife—T 14,24 59,29 13,487 $7.72 13.61 56,72 13,186 s4,90
"“ 18 1‘.22 s’.?7 15090 57.93 13055 56,31 13'19 5‘196 k
PR 14,24 59,3% 13,93 88,04 13,66 56,90 13,20 5,02 'i
APR 45 14,32 59,61 13,96 88,18 13,67 56,97 13,¢5 §9,19
JPT—Te 14,35 59,80 14,02 86,40 13,69 57,03 18,29 59,38
APR 47 14,39 59,95 14,06 58,58 13,70 57,08 13,33 59,53 1
TP TTET 14,42 60,0/ 14,30 86,73 13 72 7413 13,36 5,66 ‘
PR 19 14,47 60,30 14,12 56,85 13,77 57,36 13,49 £§5,77
TPRCCIU 14,5 6p,62 14,15 56,98 13,82 57,97 13,48 8,86
oy

~
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Qe
"

ks

-

Day
cfF ™
YEAR

APR
APM
APN
APN
APN
APH
APR
APNK
AP
APN
»AY
~AY
“AY
LY 34

APN
ipA
PR
APR
L]
APR
APNR
PR
APK
APR
HAY
MAY
YAY
wAY

€

F3
22
23

25
26
27
28
29

LRV o

Geg:r TeR Trgs

1.Sx i7Cvp=6

0" RS

‘4.0
24 on
24 on
24 0"
o4 on
FAI I
ns.22
22.1?
21.1%
20.2¢
49"1
tH L &R
+7.99
17,44

TImF r/n

110.00
109,00
110,00
170,00
149,00
9,73
95,37
Ry, ¢S
*a4,22
“o,88
77,88
74,97
75,67

GREATEN Tran

1.5x 10 ExP-2

14,86
14,68
16,79
18,05
14,8¢
14,6
14,74
14,75
14,79
14,83
14,85
14,8%
14,9

14,92

49,88
60,9
89,95
78,28
40,99
61,02
81,2/
64,40
61,64
69,74
49,90
62,00
62'1”
62,19

SNV ALWYETE NN

AOEATER TwaN

wQO!IRS

24,00
24,00
7"00
24,00
24,00
24,00
23,94
24,88
290,85
9,91
.9‘09
8,35
17.67
«7.04

1.5x AnEXP-S

TIne 0/n

100.0n
ino.cn
1n%.00n
irn.Qn
1n9.0n
1nry.0n0
36,97
Q1.14A
LI 1]
a2.99
79.9%
14,40
73.64
71.0?

GREATENR TwanN

14.17
14,10
14,40
14,406
14,32
14,385
14,30
14,41
14,49
14,45
14,40
14,47
14,40
16,40

1.5x 34CExXPey

$y.06e
8Y.10
59016
89 ,49¢
59,63
9,00
9,94
80,04
60,42
80.49
60.44
40.28
éy.32
60,39

Thirty deq: Poge 25
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GREATER THaN
L.Sx LCEAPas

HOVIRS

724,00
24.00
24,00
24,00
74,00
?1.42
72.32
21.1¢
20.12
19.14
18,27
17.3¢8
16,69
16.10

TI«E ¢/0

106,00
100,00
100.00
100400
100400
97,98
92.99
88,27
83,88
79,74
79,94
72,33
a8,7¢
67,08

GREATER THaN
1.5x L0EXPQ

13,88
13,8y
13,91
13,98
13,95
13.90
13.97
13,96
14,02
14,00
14.09
14,12
14,34
14,140

57,74
S7,%4
57,98
S8.,04
S8.114
S4,16
59,40
50,44
S8,44
58,57
98,74
S8,43
58,98
59,00

GREATEH Trean
1.3x 1NEyPe}

LIVELL AN

22.67
23,4y
24,49
24,10
23,53
22.1¢
20.17
19,28
17,69
16,03
15,4
15.8¢
15,35
15.3¢6

TIME /8

94 ,4¢
97.53
100.00
100,00
98.0¢
92.33
R6.54
ep.32
713.72
66,89
44,16
63.90
63.99
63,99

GREATERN Than
1.5x 10ExPey

13,48
13,44
13,47
13.91
13,54
14,97
13,59
13,62
11,04
13,09
13,73
13,77
13,80
13,82

59,74
56,01
$6.12
56,28
56,41
56,54
£6,65
50,74
50,0838
57.02
57,20
57.3%
57,49
87,00




' GOEATFR THaN GREATER TwaN GREATER THaN GREATEN Taph

' 1.5x10€¥Pe6 1.5x10EXPeS L.5x10EXPe4 1.5x 10ExP=} ]
| ol
Day
oF THE
YEaAR wDURS TIME o/0 wOURS TIME 0/0 MOURS TIME 0/0 MOYRS  TIME ¢/n &
MAY 9 16.84 70,19 8,47 48,64 16,04 66,72 15.38 64,08 !5
FIY % 16,90 68,73 16,45 68,54 16.02 66,74 15,40 64,16
wAY 7 16.%0 68,73 16,45 68.85 16,04 66,83 15.42 4.2 -
RIY- W 18,76 69,76 16,68 89,92 16.114 67,18 15,44 64,32 N
wAY 9 16.74 69,77 56,69 9,83 16.15 67,27 15.45 64 30 |
BXY 3D 16.74 49,77 8,09 69.94 16.18 67,44 15.46 64,43
wAY 41 17,04 74,00 16,70 59,99 16.22 67,98 15,47 t4,4?7
$EY 12 8. 49 77,03 17,61 74.24 1.37 68,22 15,50 £4.60
ey 33 19,58 8,88 19,07 79.4% 17.00 76484 15,57 64,89
L 3 At ¥ -2 Ly 85,39 20.10 "y, ?5 18,63 77,62 15.66 65,24
sAY 18 P1.2h g ,85 20.93 A7,2% 19,83 82,62 16,82 65,93
wiv 316 21,97 94,94 21,66 90,26 20.75 A<, 46 17,48% 72.72 .
TSRS 22,55 93,98 22,28 92.24 21.51 89,63 19,p4 79,32 ‘
"Ly (3 3.8 96,87 22,086 95.2% 22.19 92,30 20.14 83,91 -
GREATER Tman GREATER TwaN GREATER THaN GREATERN Thah -
1.5x10ExPe2 1.5x10ExPe1 1.5 10EXPe0 1.5x10ExPey .__,
N WAY 8 14,04 62,24 14,50 65,43 14,23 59,24 13,85 $7,70
VEYT B 14,9% 62,30 14,59 60.82 14,20 S9,49 13,87 57,79 B
vAY 7 34,96 62,33 14,56 60,77 14.32 £9,69 13,49 $7,87
FIVTTE S 14,9? 62,89 14,61 60.90 14.3¢ 59,77 13,90 87,94
MAY % 14,98 62,42 14,04 61,00 14,37 59,87 13,92 $8,00
N WEY ITT 15,00 82,90 14,67 61,42 14,39 T 15,93 8,05
uAY 11 15,04 62,68 14,72 81,35 14,41 60403 13,99 88,10 :
XY TTT 15,08 62,04 16,77 61,93 14,42 60,30 13,96 $8,1% -
wAY 33 15,11 62,97 14,80 61.:69 14,44 60415 13,97 58,20
] PEY IR 45,14 63,08 14,88 81,08 14,49 60,49 14,00 58,3%
vAY 1§ 15,17 63,19 14,06 61.92 14,406 60,23 14,04 5y,48 )
PEY- " 18" 15,20 63,348 14,00 62,01 14,46 60,27 14,07 8,614
d wdY 47 15,25 63,58 14,90 62,09 14,47 60,30 14,09 $8,70
wEYTTIe 15,29 63,69 14,92 62.1% 14,50 60444 14,11 8,79
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REELTEN Taps 49caTgR Ten GRELTER TraN GRFATEN Tran ';‘.‘

1.5x1 £ Feb 1.5x1ngyvPeS 1.5x1rFxrad 1.5x1 ‘EvP=}3 PO

Wt

DAy |:!.".
CF TwF 3
YEAF wnres TINF ny/o0 ~anRS  TIMe /4 mOt'RS  TI4F a/a “0uwsS 114 e/ ?‘
R

L
waY 19 g n" 38, 54 34,39 97,45 29,76 94,7a 21.04 R .68 b
waY 20 24.0" 170,00 28,92 °v.,67 21.31 97,14 21,84 91.0¢ s
1)
GWeatew Trax GAEATEN Twan GREATEN THan GREATE® Tran it
1.9x 1° £XP=2 1.5x 10ExP=1 1.5x 1LLXPeQ 1.5 1npxre 5
wAY 19 15, 4~ Ak, 88 14,98 02.20 14,58 60 .08 14,148 to,8? "..

wAY 20 1Y, 8 63,93 14,98 bc.c4 14,57 6y.72 14,15 to,9b

1y
- )

T ITTTLY,

<

Y P
WL LN

Nt 3
>

PN

e T

i

.
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TABLE 3
Number of Hours in which Illumination

Exceeds a Given Level

Sixty=-Degree Latitude
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‘Day
ef Tw¢g
YEAR

BAY
wAY
MAY
LY 3.4
vAY
wAY
wAY
PAY
mAY
L4 24
»AY
“AY
JUN
JUM

»AY
MAY
MAY
»AY
»AY
»AY
“AY
»AY
MAY
AY
MAY
mAY
JUNy
JUh

r iy
K3
22
23
24
29
26
27
28
29
30
31

20
21
22
23

23
26
7

29
30
3

1

i

Nt W Ll e e s a0

GOEATER TrgN

1.5x1NEYPep

w01'RS  TIMF nyp
24 .,¢0f 110,00
24 .00 110,00
24 .00 100.00
o4 0" 110,00
24 0" 199,00
24 . 9° 130,00
24 0" 100,00
24,07 110,00
24 .,0" 170,00
24.,0" 170,00
24 0 190,08
Ve . 0" 190,00
24 .07 109,00
24,07 170,00

GOEATEWR TmaN
1.5x 10EXPe2

22,
22,
22,

16
41
72

23,10
28,92

2"
24,
24,
264,
2"
24,
24,

00
00
00
00
00
00
00

24,00
24,00

92,33
93,38
94,0/
96,24
99,67
100,00
100,00
100,00
100,00
100,00
100,00
100,00
100,00
100,00

aREATER Twan

1.5x1nExPes

«“AYRS TIme asn
24,00 in2.0n0
24,00 1e0.0n
24,00 10,00
24,00 1an0.0n
24,00 1n0,0n0
24,00 1nr35.00
24,00 117,00
c4,00 119.0N
24,00 inn.00
24,00 139.00
n4,00 182,010
>4,00 trn, 00
24,00 1an.00
24,00 1an,.Q0nN

GREATER TMaN
1.5x 10EXPey

20,46
20.5¢
20,72
20,44
20.97
24,10
21.2¢
24,87
23,92
21,08
24,79
24,96
23,14
23.,¢¢

85.15
85.75
86,20
86,04
87,36
e7.03
86,48
09,03
09,68
00,22
90.00
91,48
92:41
02,67

GREATER TraN
1.5x10EYPagy

=“NURS

24,00
24,00
24.00
24,C0
24,00
24,0C
24,00
24,00
24,00
24,00
24,00
24,00
24,00
c4.00

TIME C/0

100.00
100,00
100.00
100,00
100.00
100.00
100.00
100,00
100.00
100,00
130,080
100.00
100.00
100.00

GREATER THpM
1.5% 40EXPeQ

19,30
19,45
19,55
19,64
19,75
19,84
19,94
20,04
20.1¢
20,20
20.29
29,38
20.48
20.97

Sixty deg: Poge )

95

80.68
81,02
81,47
81,0
82,30
82,68
83,05
83,49
85,89
84,17
64,53
84,94
85,36
85,69

GREATER THah
1.5x1nEYPe}

»OURS

24,00
24,00
24,00
24 00
24,00
24,00
24,00
24,00
24,90
24,20
24,00
24,00
24 .00
24,00

TIME ¢/ 0

100.00
100,00
100.00
1rp.00
100.00
100.00
100.00
100.00
130,00
in0,00
ino,.00
ion.00
100.00
100,00

GREATER Tman
l.S5x10€xPey

18,43
18,40
18,448
18,97
18,64
18,72
le'uo
16,87
18,98
19,02
19,49
19,15
19,20
19,46

10,38
76,67
77,02
77,36
77,66
74,04
76,33
26,61
78,94
79,26
79,5
79,78
79,99
80,24

NIRRT

CRA
e

R,
NI

ﬁ“rﬁ;{ﬂ

.
P XA

T
d

Pl
R ey UK
LSS

A5

o

v




GCPEATFR THAN QREATER TuaN GREATER THaN GREATEN Twah
1.5x1rEYPeb 1.5x10ExPeS 1.5 0CxPwd 1.5x10ExPe} _;
\ LY
DAy ° )
oF TnE '
YLa®R wORS  TIME 0/0 wOURS TIwmr 0/¢ =OUIRS TIMF 0/0 HOURS TIME 070 a .
Juxn 3 24,00 100,00 24,00 103.00 24,00 100400 24,00 100,00 -
& 24,00 100,00 24,00 1n0.00 24,00 100,00 24,00 190.00
Jun 8 24,00 100,00 24,00 100.00 24,00 100400 24,00 100400 : v
N1 L akalt 3 24,00 100,00 24,00 100,00 24,00 100400 24,00 100400 l T
Juh 7 24,00 100,00 24,00 100.00 24,00 100400 24,00 100400 y,
Juxr 8 24,00 100.00 24,00 100,00 24,00 10C.C0 24.00 100.00
Jun @ 24,00 100,00 24,00 100,00 24.00 100400 24,00 100,00 . X
JOR" " 10 24,00 100,00 24,00 1n0.060 24.00 100.00 24,00 100.99 i o
Jub 18 24,00 1n0,00 24,00 10000 24,00 10000 24,00 100.00 }
JUN “12° 24 ar 100,00 24,00 106,00 24,00 10000 24,00 109.00
Juh 13 24, 0r 110,00 24,00 106,00 74,00 100400 24,00 100,06 '2
JUN 14 24,00 100,00 24,00 110.00 24,00 10000 24,00 100400 .
JUN 4§ 24, g0 100,00 24,00 100,00 24,00 100460 24,00 100,06 .
JUho e 24,00 110,00 24,00 100.0n 24,00 100400 24,00 100.00 ) )
GeeaTeR Tran GREAVEX THaN GREATEW THAN GREATER Thgn 3
1.5x1cgxre2 1.5%x30ExPey 1.5%10€xXpPs0 1.5x10ExP*} .
JUN 3 24.0" 100,00 22.42 93'42 2006‘ 36.C0 19.82 800.9 +
JUN - & 24,00 100,00 22.9% 94,4 20.70 86,25 19,39 80,79 -
JUuh §  24,qu 100,00 22.73 94,73 20.7¢ 86450 15,495 81,06 oAl
JUN 8T 24,05 100,00 22.9¢ 95.6¢ 20.8% 80,86 19,51 1.0
JUN T 24,00 100,060 238,17 96,54 20.93 87,22 19,56 83,49 .
Jun B se g 100,00 23. 47 97.84 21.C0 87,53 19,60 83,66 -
JUN  § 24,01 106,00 24,00 10000 24,00 81,77 19,63 81,81 .
JUNT 107 24,00 100,00 24,00 100,00 2y.1¢ 87,98 19,67 81,94 g
JUN 11 4.0 100,00 24,00 100.00 21.16 68,10 19,69 82,06 !
JUN T2 24.6" 100,00 24,00 100.00 21.20 68,32 19,72 82,17
JUN 33 24,00 190,00 24,00 iou.CO 21,24 8o ,49 19,75 82.31
JUNT TR 24,00 100,00 24,00 106.60 21.28 9y .67 19,78 62,43 o
Juh 18 24,00 100,00 24,00 100.00 z1.31 ue .0y 19,01 82,93 N
JUR—TE 24,00 100,00 24,00 100,00 23,34 86,98 19,08 82,61 $
-
e
¢
!
.1;
.
0.’
W
“.

Sixty deg: Poge 2
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=

4

Y
CF Tei
YEAS

Jun 7
NITL I Y ]
JUuh 39
Jun 20
NIVL I3
JunN 22
Juh 23
JuN 24
JUh 28
Juh 26
Jus 27
Juh 28
Juh 29
Juh 30
Jun LT
JUk L8
JUb L9
JUN 20
JUN 21
JUN 22
Jun 23
JUN 24
Juh 25
JUN 26
Jus 27
Juh 28
Juh 29
Jud 30

GREATEN TraN

=0 RS

24 0
24 0
24 nr
26 .0
v4.0"
24 9"
24 qn:
24,97
24 ,0r
2¢ . g0
%4,9"
24, p°
24.,5°
24 an

1.5x1"Er¥Pep

Timg nazp

170.00
190,00
100,00
170,00
190.00
129,00
170,09
115.00
1n09.00
179,00
19n.00
119,00
119,09
126,00

S¥poThn Tma

1.5xt

24,0
24.9
24,0°
¢d.C
24,0
24,9
?‘.:]
24,0
24,
ve,0
29,07
24.9.
PR
;4.0

Lxr=

1n0,00
139,00
190,00
190,00
130,00
1170.09
130,09
100,00
100,00
130,93
100,00
170,00
1u0,00
190,00

AAEATER Tuan

1.5x1NExXP=8

~guRS  TIMs osn
~4,00 1ny.0nN
24,00 1a0.0n0
~4,20 120.0n
~4,00 1rua,0e
24,00 1nree0n
24,320 1~".¢n
24,00 1ny.0n
24,00 1217.00
24,90 inC.0n
24,00 1~r,0n
24,390 127,90
24,00 iro.ge
14,00 170,00
24,090 inn,00

GREAVER Tran
1.5x 10ExPe=1

24,00
26.00
24,00
24,0y
2¢.,00
24,00
24 .90
24,06
24,00
¢4.00u
24,00
24,00
z4., 00
24,00

12%.00
100.00
100.092
100.00
100.00
110,00
100.C0
100.00
100.00
1ou-00
100,00
10900
100.09
100.G9

Sixty deg. Poge 3

97

GREATER THaK

HAURS

24,00
24,00
24,00
24,00
24,00
2e,Cn
24,00
24,00
24,00
24,n¢C
éé4.,0¢(
24,00
24,00
24.0C

1.5x1rEYPede

TI4€ 0/0

100.00
100.00
100,00
100,00
100.00
100.00
100,00
100.00
100400
100.00
100.00
19G.400
100,00
130.00

GHREATENR TraN
1.5x 1GEXPeQ

21.3¢6
21,36
21,39
21.3Yy
21.39
é1.,30
21,37
¢1.,35
21.38
1.8
é1.28%
¢1.2d
21,10
21,09

8Y. 01
8Y,u8
89.12
89,13
89.13
BY.3¢0
89,y
88,97
sy,87
ob. /4
88,58
By,.88
83,15
87,87

GALATE™ Tran

“wQ1RS

24,00
24,00
24 ,y0
24,90
24 00
74,00
24, ¢
74,30
24,00
24 .00
24 ,9¢
24,450
24,0
éa.,:n

1,Sx1ngxPey

Timg ¢/0

100.00
100,00
100.00
100.00
100,00
100.00
100,00
100.00
100.00
100.00
100,00
100,:,00
106.00
100,00

GREATER Than
1.Sx1GEXPe}

19,84
19,40
19.060
19,488
19,06
L¥.00
19,89
19,8¢
19,62
19.82
19./8
19,75
19,78
19,07

82,67

82,71
82,74
82,76
82,7
82,74
82,70
82,65
§¢,59
82,5
82,4
83,28
82,13
81,9¢
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GREaTFR THaN GREATER TuaN GREATER THaN GREATEK Than
1.5x1nEyPeéb 1.5x10EyPe$ 1.5x4NEXPad 1.5%X1 YEXP=3 )
B
Davy
oF Twug .
Year “0'RS  TIME n/0 =“0URS TINE n/y HOURS  TIvg 079 ®0:RS TIME r/g 53
Jub 24,00 110,00 26,00 1e0.00 24,00 100400 24,00 100.00 i
U 24,00 190,00 24,00 110.00 24,00 100.00 24,00 100.00
JUL 3 24,00 110,00 24,00 1n0.0n 24,00 100.:00 24,00 100.00 .
9=~ 24,01 100,00 24,00 1n0.0n 24,00 100409 24,00 100460 ( .
JUb 5 24,00 190,00 24,00 100.90 2s,0C 100,00 24,00 100.00
JuL () 24,00 100,00 24,00 1n0.0n 24,00 100400 24,00 100.00
JUL ? 24,00 100,00 24,00 1r0. 0N 24.00 100.900 24,40 1n0.00
JUL 8 24,00 100,00 24,00 1n0.0¢ 24,00 100400 24,00 100,00 ]
Jue 9 24,00 190,00 24,00 100400 24,00 106400 24,00 100.00 }
JUT " 10 24,00 190,00 24,00 1°0.00 24,00 100400 24,08 100.00
Jub 11 24,00 110,00 24,00 1ng.0n 24,00 100400 264,50 100.00 .
JUT 12 24 ,q¢ 199.00 24,0¢ 100,00 24,00 100400 24,08 100,00 ;
JuL 13 24,0 110,00 24,00 190400 24.0C 100,00 24,00 1n0.00 A
JUUT 1% 24,00 100,00 24,00 100.00 24,00 100400 24,00 100,00 '
GRELTER Trpn GREATER Tran GREATER THAN GREATEN Than :
1.5 Exr=2 1.5x 1GEXPe1 1.5x 16ExPe0 1.5x 10EXP ey R
JUub 1 24,01 100,00 23,99 99,96 21.0¢ 87,99 19,02 83,76
JULTTTT 24,0 1004090 23,42 97439 20.96 87,49 19,97 83,54
JUuL 3 o4, pn 190,00 23,15 96,48 20.%23 87,24 19,92 84,35
JUC T 4,00 100,00 22,92 95,52 20,06 86,99 19,47 81,15
Jus 5 24,90 100,00 22,74 94,76 20.7¢ 66,64 19,43 80,95
JGETTT 8 24,0, 100,00 2¢.55 93.9s 20,71 86,27 19,38 8p,76
Jub 7 24,90 100,0¢ 22,39 23,20 2p.61 65,09 19,43 80,55 ¢
JULTT T8 24,0 100,00 22.23 92.63 20.5¢4 85,59 19,27 80.30 ‘
JUL % 24,00 100,00 22,07 21,97 20,90 65,23 19,20 80,02
JUE “IU 24,00 100,00 24,92 91432 20.37 84,088 19,13 79,73
JUb 1L 24,00 100,00 21,78 90.74 20.29 84,54 19,08 79,49 '{
JOUT T2 24,9 100,00 21.03 90,13 20.19 84,14 19,01 79,2
Jub 13 24 90 100,00 21,50 89,%8 20,13 83,80 18,94 78,90
JUU TI® 24 ,c0 100,00 21,45 868,98 20.04 83,46 18,85 78,56

—-—

Sixty deg: Poge 4

EE




DAY
oF TweE
YEAQ

JuL 18
Jut 3¢
JuL 47
Jub - 18
Jub 19
Jut 20
Jub 21
Jut 22
Juk 23
Jut 2%
JuL 25
Jut 26
JuL 27
JUL 28
JUL 19
UL 18
Jub 47
JuL 18
Jub &

JUL 20
Jub 21
Jub 22
Jub 23
Juh 24
Jub 25
JUL 26
JuL 27
JubL 26

GEEATPR TwiN
1.5x1PEYP~6

w0''RS TIME nys0

24,907 110,00
24,90 110,00
24,900 100.00
24,00 100.00
26,00 110,00
24,9°" 1170.00
ELI 119,00
24,00 100,00
24,00 110,00
24,90 1170.90
24,90 109,090
24,91 110,00
24,0 110,00
24 .00 190,00

orbaTin Tran
1.5x1-E1P=2

74,9 179,00
24,0° 19c,00
23,64 98,5/
23,0~ 96,0/
22,67 94,4/
c2.379 95,29
22.1% 92,24
21.91 vi,2Y
21.69 99,3%
21.51 89,69
21,2° uR, e/
21,14 48,00
20,97 Hy,38
2y, 1% do, 48

GREATER TwaN

1.5x1nExXPes

“AURS  TIme os/n
24,00 1r0,0N
24,00 100,00
24,00 100.0n
24,00 1n0.00
24,00 1n0.00
24,C0 1an.3n
24,010 ten.on
24,00 1n0.0n
24,00 1A0.00
24,00 1n0.0n
24,00 100,00
24,010 100.0n0
24,00 100,00
24,00 1on,0n

GREATER Teah
1.5x1vEXF=1

21,43
21.09
20.90
20.01
?u.eo
20,90
20.94°
20,49
2y.10
20.00
19,99
19,70
19,68
< 9,99

69,37
8/.89
8/7.34
886.7¢0
86,19
85,74
AS.19
84,52
BR4,?7
AL.66
A3, 11
82.4%
R2,02
61.63

Sixty deg: Page 5

29

GREATER THAN

1.5x10EXPed

=QURS TIAF 0/a
24,0¢ 106,00
24,00 ° 100.00
24.0¢C 100.00
24,00 100,00
24,00 110.30
24,00 140,00
24,02 1¢0.,00
24,00 100,09
24,00 100,00
24,00 10%.00
24,00 109,00
24,00 100,00
24,00 100,00
24,00 100400

GREATER Thawn
1.5x 10EXP*0

19,72
19,8¢
19.72
19,64
19,56
19,45
19.32¢
19.2¢
19.12
19,07
18.ve
18,0
18.7¢
18,65

88,y2
8¢,.9%8
82,6
81,89
81.90
8l.y6
84,92
6y.08
79,04
79,65
79,40
78,42
77,99
17,74

v e el e

GREATER Twan

1.5x10EYPeg

QWS  TImE p/Q
24,00 100,00
24,00 100,00
24,00 100,00
24,20 1c0,00
24,09 1h0.00
24,0 100,00
24 a0 100,00
24,00 100,00
24,30 100.00
24,00 100,00
24.6C 1no.0n
24,50 100,00
24,20 100.0¢C
24,00 100,00

GREATE™ Tran
1.5x L0ExPe}

18,/%
18,70
10,64
16,57
18,49
8.4
18,3y
18,24
18,15
18,08
17,99
17,89
17.77
17.7vu

78,26
7.9
77,66
27,38
77.04
76,66
76,23
75,88
79,6¢
75,3
74,97
74,54
74,06
73,74




GREATER TN BREATER TwaN GREATER THaN GREATEN Trah

1.5x1PExPué 1.5x10€xPeb 1.5x10EXPed 1.5% 1nExYPe}
V'Y
of TwE
YEAR WDIIRS TIME 070 HOURS TIMp 0O/n WOUHS TINE 0/0 noUNS TIWE (/0
JUL 29 24,00 100,00 24,00 100,00 24,00 100,00 23.16 96,53
“Juv— 30 24,00 100,00 24,00 100,00 24,00 100490 22,68 95,22
Jub 31 ?4,00 100,00 24,00 100.00 24,00 100,00 23,48 97,89
AWE T 24,00 100,00 24,00 1n0.00 24,00 100,00 24,00 100.00
AUG 2 24,00 100,00 24,00 100.00 24.00 100,00 24,00 100,00
aut - % 24 g0 100,00 24,00 1no.0f 24,00 106,00 24,00 100,00
' AUG 4 24 00 100,00 ?¢,00 100.00 24.00 100400 24,00 100.00
ayus— '8 24,00 106.00 24,00 1n0.0n0 24,00 100,00 24,00 100.00
FYVI 24,00 100,00 24,00 1n0.00 24,00 100400 22,90 95,49
00— T 24,00 100,00 24,00 180,00 24,00 100,00 21,99 91.6%
X G 8 24,0 100,00 24,00 100,00 24,00 10000 21,16 88,15
, B — ¢ 24 00 100,00 24,00 100,00 24,00 100,00 20,03 85,87
' FYV Y 24,00 100,00 24,00 100,00 24,00 100,00 20.30 84,57
; 1Y T 24,00 100,00 26,00 110,00 24,00 100,00 20,05 83,56
GHESTER THaN GREATER Twan GREATER THaAN GREATER Thah
1.5% 1cEXPe2 1.5x 10€xPey 1.5x 1UEXPeg 1.5 1fExvey
JUL @9 ?0,64 86,00 19,47 81.14 18.,%7 77,36 17.848 13,40
; JuLT300 20,50 85,40 19.30 BU4C 18,45 76,88 17.565 73,13
. Jub 31 20.3¢ 84,59 19,40 79.99 16,30 76:27 17,46 72,75
’ TP 20419 84,12 19.11 79,64 18.21 79489 17, 4¢ 22,20
» AUG 2 20,07 83,74 19,08 9.9 18,14 75,69 17 ees 73480
U % 49,95 83,12 18,84 78,52 18,06 79,28 T 73,94
Aae 4 19,77 82,3 18,72 77.99 17.9¢ 74,78 17,0 74,23
BIUGT S 16,65 By,089 18,05 77.69 17.7¢ 744046 STt 70,86
AUG 6 49,53 84,36 18,9¢ 77.26 17,71 73478 E LY Ty, 48
1v§“‘z 19,34 8p,57 18,40 76,68 17.64 73449 sul /b 69,84
AV 19,20 80,00 18,24 75.99 7,5% 73 7 69,57
IOV 19,69 79.5¢ 18,18 18,73 17.43 12:2: 23,03 69:;8
G 30 18,95 78,97 18,09 25.3Y 17.27 T 7149 16,94 68,93
oe " T1™ 38,7 78,48 17,97 74.88 17.20 71467 16.44 66,91

WA VAR IV -, PV EEE A A~

Sixty deg: Poge 6

pls




R

GUEATEN THawn
1.5% 1l0€yPe=é

‘Davy

CF Twf

YEaG w0'RS  TIME n/0
U6 12 24,01 110,00
sVe 13 o4, 0" 1n0.00
AUG 14 24, ,0r 110,00
aya 19 24,07 100,00
AUG 36 24,00 170,00
g 7 24,07 120,30
AUG 10 24.0" 119,00
Aud 19 21, 24 24 04
aue 20 22,76 24,76
ays 21 22.24 95,68
AUs 22 21.99 1,63
AUG 23 21.7¢ 9n,5Y
AUG 2 51,49 9,65
WG 29 21.24 4,51

GrbaThw Tray
1.5x1 trred

MG 12 1=, 48" 77,82
duG 13 10,5 77,40
Ays 3¢ 18, 4% 76,8¢
L6 L8 18,2+ 76,10
MG 16 16,17 79,75
aus 1?7 1h.9~ 75,30
AUGS 18 17,9~ 74,82
WG 19 1.8 14,106
UG 20 17,7 73076
e 24 17,63 73,39
WG 22 17,0 72,90
AVG 23 17,37 72,2
G 26 57.2° 71,80
AUG 28 17.1°% 71,45

GREATER TwaN
1.5x 10FxPeS

“otIRS  TImMe azn
24,00 tan,on
24,00 150.00
24,00 1n0.00
24,00 100,00
24,00 170,00
24,00 1nf,.0n
24,00 1°f0.0n
23.17 06 ,%a
~2.87 94,48
22.17? 22.3A
2y ,% e1.34
21,67 0,80
71,92 a9 ,2%
’1.17 "8,22
GRERIEN THan
1.5xicexk=1

12,7y 74,18
17.71 75.78
17,04 73.49
12,54 73.0?7
17,89 72.47
17,85 71.87
17.10 71.%9
17,10 71.26
16,99 Tu.79
16,04 To.16
<6,/2 6v,48
16,60 69,42
16,57 59,09
16.44 68,98

Sixty deg: Page 7

301

GREATFR THAN
1.5X10EXPaq

=OIIRS

24.,0C
?22.9¢
27,33
21.99
21.6¢8
21.4
21'1r
20,98
20.70
2n.52
2n.31
20.18
19.9%
19,7v

114 970

100.00
95,42
95,08
91,63
90.34
e9,20
88,15
87.22
86,25
851‘6
84,64
8s.87
a3,1¢
82,47

GNEATENW TrHAN
1.5x1LLXpPeQ

17.13
17.0¢
16.92
16,77
16.7¢
16,638
16,5
16,41
16.28
16.240
16.13
16,03
15,9
15.061

7139
71,02
Ty.,e8
69,87
69,57
6y ,29
08,9y
68,37
67,84
67,48
67,44
66,8y
66,47
65,80

GREATER Trah

rOHKNS

19,82
19,67
19,94
19,38
19.21
19,14
18,95
18,78
168,47
18,58
18,40
18,26
18,19
18,79

1.5x 10ExPe3

TImg /0

e2.5R
By.94
f1,4y
Rp,.66
A0.07
79.5r
74,94
78,26
77.78
77.3
76,57
76.09
75,64
?7%.¢eN

GREATEN fran
1.5x1:bxPe}

16,351
18,22
16,15
16,07
15,98
15,86
19,79
15,07
19,6u
19,91
15, 49
15, ¢Y
15,1Y
15,1¢

6l,97
87,97
67,30
66,97
66,58
66,07
65,61
69,31
65,00
64,063
64 14
88,72
63,30
65,01

e,

A A
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GREATFR TuyN
1.5x1NE¥Peb

DAY
cf T™E

vea® wO!URS  TIME 06/0
syt 24 21.67 90,29
- 22,81 94,20
agG @8 24,00 100,00
ys—-29 24,00 100,00
auG 30 24,00 100,00
auG- 83 724,07 100,00
q kP 1 24,00 100,00
sEp - 2 24,00 100,00
1L 24,00 100,00
st 4 24.,0" 110,00
(144 s 24,00 100.00
SEP- T & 24,00 190,00
sEP 7 24,00 1n0.00

sEr—— ¢ 24,00 190.00

GRELTEN THaN
1.5x31vEXP=2

AU0 26 17.0% 71,04
AUG 27 16,98 70,44
AUG 28 16,82 70,00
U 16.8Y 69,53
AUG 30 16,61 89,21
Tgt—3s— 16,51 68,80
sgP 1 16,43 68,47
sr—2 - 16,37 68,20
sgP 3 16,26 67,74
st 16,09 67,04
SEP § 15,97 66,5%
str——8— 15,91 06,27
sEP 7 15,81 65,87
<pr—8— 15.%¢7 65,29

QREATER TuaN
1.5x10€XP=S

wolRS  TIMF 0/n

20.9R AY.47
21,99 01.64
28,52 08,014
24,00 1in0.00
24,00 100.00
24,00 100,00
24,00 160.00
24,00 100.00
24,00 100.00
24,00 ind.00
24,00 i1nr0.00
24,00 18G.00
?24.00 100.00
24,00 1n0.00
GREAIER TwaN
1.5x10ExPel

16,44 68.07
16.22 67.59
16,14 67.25
16,04 64,88
15.92 ¢6,33
15,05 66,013
19,7¢ 69.99
19162 ’05{0'
15.52 64,65
15,43 64.30
15.36 64.04
18,26 63,99
15,11 62.97
14,98 'YZLX

Sixty deg: Poge 8

4

(&)

GREATER THaN
1.4 0EYPed

nOUIRS  TIME 070

19.85 82,70
20!19 84,14
22.98 94,77

24.00 100,00
24,00 1400.00
24,00 100400
24.0°C 100.00
24,00 100.00
24.00 100:00
24,00 40000
24,00 400.00
24,00 100.00

24,00 100,00
27.40 93,39
GREATER THAN
1.5x30EXP¢0

15.7¢ 65: 490
15.63 65,32
15.53 64,72
15.41 64,22
15,34 63,9
19,23 63,46
15'15 63,08
1’00! °2j°2
14,93 62+22
14,87 Olg’,
14,77 61,56
14,64 61,02
14.52 63491
14,45 60¢2%

GREATEHR Trar
1.5a0ExPey

nORS  TImg /0

17.92 74.66
17.60 74,18
17.72 73,84
17,78 74,07
23,56 98,10
24,00 100.00
24,30 100.00
24,00 100.00
23.10 96,27
22,26 92,73
21,34 Ry, 97
20.04 83,54
17.76 73,98
16,6R 89,50

GREATEY THAM
1.5%10ExPey

15,04 62.6%
14,93 62,19
14,84 63,02
14,74 61,43
14,04 63,01
14,56 6p,06
14,45 60,21
14,87 89 ,0¢
.4,¢9 50,56
14,19 59,12
14,08 58,68
14,97 56,21
13,91 57,99
11,484 57,69




DAy
CF TMg
Ygan

1144 9
sgr L0
sep 11
stP - 12
seP 13
sgr -3¢
SEP 1S
SEP 38
sep 17
st 19
seP 19
ser 20
seP 2l
sty 22

L {14 9

siv 1t
sEP 12
sEP 13
sEp 44
SEP 48
SEP 16
sgp 17
SEP 18
seEr 19
SEPp 20
sgv 2y
sEP 22

GPEATFR T
1.5x1nEYPe s

MaAN

=01'RS  TIME n/n

24,00 1

50,00
v5,78
47,82
78,36
74,97
74,97
74,97
73,93
72,89
12,89
72,88
71.85
7n,814
72.01

GREATEw Tmaw

1.5x 1! pxpP=2

15.%
15,45
15,3%
19,29
15,1
1%,0"
14,95
14,89
14,79
14,64
14,5%
14,42
14,39
14,31

64,958
84,3/
64,0
63,70
63,14
62,49
62,29
82,09
64,64
61,0¢
60,68
0p,2¢
59,97
§9,61

GREA

TeQ TuaN

1.5x $19ExXPes

HOURS

23.38
21.77
19.71
17,98
+7.,93
17,93
17,92
17,68
17,43
[ K]
17,42
‘701“
16,94
16,94

TIMF 0/n

97.4%
9.7n
r2,1%
74,79
74,72
74,469
74,87
73,68
72.44
72,64
72.9%9
71.9%A
70.5?
70.99

GREATER THAN
1.5 10EXPw]

14,96
14,98
14,78
16,65
16,49
14,45
14,389
16,381
14,18
14,00
18.96
13,91
13,088
18.70

62,26
62.00
61,60
61.02
60,38
80.22
59,98
59,62
$9.07
58,58
Sb,17
§7.9%
57.61
$7.09

Cixty deg: Poge ¢

193

QREATER THaN
1.5% {NEXP4

HOURS TIME Q/n
2n.64 86,00
18,22 75,94
17.64 73,59
17.33 72,24
17.17 74,56
17.02 70.9¢
16,93 70,54
16,84 70.17
16,73 69,69
16.59 69.11
16,48 68,64
16,39 68,29
16.29 47,89
16.22 67,00
GREATER Tran
1.5x3GEXP O

14,3y 59,98
14.31 59,64
14,20 99,16
14,03 53,46
13,97 58,20
13,%¢ »7.98
13,84 $/.068
13,74 97,25
13,59 56,664
13.5¢ 56 ,¢5
13,43 59,97
13,37 55,70
13.2/ 55,30
13,15 54,080

GREATEN Twan

I-SNAEYP-S

HOUIRS  TIMF ¢/n
16,490 68,33
16,25 67,72
16,06 66,93
15.96 68,%7
15.9¢ 66,24
19,81 8%,.87
15,68 45,34
15,54 44,74
15.45 64,39
15,39 66,11
15,29 £5.73
15.1? 63,19
15,08 62,82
14,97 62,38
GREATEN Tran

LOX 1UExXPey

1§,74 87,27
13,643 £6,78
13,49 56,21
13,44 55,99
13,97 59,71
13,29 55,37
14,18 54,93
18,ud 54,39
12,v6 54,01
12.%0 $3,7%
12 82 53,43
12,73 $3,03
12,02 $2.57
12,%3 52,22




Y. A XY VOV U Y Y J R YO NS 3 Al S & A C—

-y - - -

Y

a

0% E¥a % ]

GREATER THaN

1.5x1NExPesb
WCIIRS TIME n/0
18,39 76,63
19,74 °2l25
24,26 88,60
22,06 98,23
24,00 100,00
fd,0N 100,00
24,00 100,00
24,00 100,00
24,00 100,00
24 00 190,00
24,00 100,00
24,00 100,00
24,00 100.00
24,010 100,00
GREATER TmaN
1.5 UEXPe2
1‘-1" 59’07
14,11 58,80
14,02 508,43
13,90 -5, 8¢
13,683 57,61
13,71 $7,13
13,68 56,98
13,84 56,82
13,57 56,54
13,490 S8,00%
13,30 55,40
13,22 $s,0¢
13,186 54,85
14.0¢ 54,53

W RGNy Ry A LAY Y

QREA
1.5x10

wWOLURS

17,62
19,18
720.77
22.44
23.76
26,00
24,00
24,00
’.Ooo
24,00
24,00
24,00
24,00
24,00

TER YwaN
CxPeS

Ting 0/9

73.43
77.73%
06. s‘
93.3%?
99.00
100.00
{o0.00
100.00
100.00
100.00
100.00
100.00
100400
100.00

GREATER Tman

1 SxiogxPed

13,62
13,54
13,42
15 6%
13.23
13,17
13,11
13,02
12"“
7.5
12,74
12,06
12.59
12,40

- N ™,

$6.76
86,48
55,91
55.5¢9
$%.11
. ,88
54,62
84,24
83,48
$3..4
$2.95
82.7%
52,46
$2.02

Sinty deg: Page 10

174

GREATER THaN

1.5x10€XPeé
MOURS TIME 040
16.38 68,418
17.23 1.7
19,38 80,76
21,23 88,48
22,91 ©5,47
24,00 100.00
24,00 100400
24,00 100+00
24,00 100400
24,00 100.00
24,00 100400
24,00 100400
24,00 100.00
22.79 94,97

GREATER THaAN

13,08
12.9¢
12.69
12.8¢v
12.69
12.0¢
12'56
12.46
12.32
12023
12.18
12.12
12.04
11.%¢

1.5x 1CExPe0

54,50
54,08
LXYRA]
§4,32
52089
52,0606
52,35
51,90
51,34
50094
50')6
50¢20
. 50+1360
49,66

GREATER Than
1.5%10ExPe3}

MOURS TIMg ¢/n

14,90
14,83
14,76
14,72
20,53
22,65
24,00
24,00
24,00
23.35
22.44
21.33
19,82
17,74

62,07
64,79
61,49
61.34
85,54
94,38

100,00
100:.00
100,00

"”7.4
93,50
88,86
82,99
73,77

GHEATER THaN
1.5x LuExPel

12,43
12,95
12,26
12,10
12,09
12,01
11.,%0
11,90
11.7u
11.04
11.57
11,48
11,986
11,24

51,60
$1,48
1410
50,68
50,39
%004
49,56
49,15
48,76
48,51
48,21
47,83
47,34
46,02

S P CA

Bl

|

e




+ DAY
CF Te¢

@¥ YEAS
o oct 7
’ oct 8
oct 9
. nct 190
) oct 11
acT 12
cT 13
acY 14
acT 1§
actT 18
oct 47
' eCcYT 18
i 0cT 19
. ocY 20

|.

acT 7
acT 8
ec? 9
ect 10
¢t 1t
ac* 17
. ocT 13
aCcT 14
¢C? 15
ecT 46
oc? 17
ocT 18
aCT 19
acT 20

G-e*
1.5x1"

w0 RS

240"
22,34
20.3%9
qn.ﬁt
14 T4
05‘24
-4.9G
14,74
14,7
14 ,7¢

tew TwpN
Frbes

Timg n/0

119,00
93,0%
84,97
77,26
4G AL
43,%1
42,47
hy,43
89,43
Ay, a3
4,43
40, 89
4,39
A1.91

Sa,09
53,30
53,09
52,084
$2,5Y
$2,23
51,73
$1,3¢
50,91
Sp.72
Sg, 40
50,10
49,81
49,30

GOoEATER Twuan

1.5x1ngxPes

wAURS  TIMp 0/n
23.09 96,20
21.87 A9.0a
19,595 ny.48
17,64 73.%
15,51 44,64
15.17 43,27
14,93 A2.2n
14,69 41,20
14,060 51.4A
14,68 Al.14
14,87 Ay,14
14,43 Ad.14
14,413 A8, 1D
14,48 Ao, 14

GREATEN Twan

1.5xi0Exr"=1
12.98 91.37
12.23 S0.97
12.20 Sv.04
12.1¢ 50.59
12.00 Sv.26
11.995 49,78
11.03 49,28
10,78 45,87
11,08 A8.68
11,03 ab, A4
11,5¢ 48,09
11.9%¢ 47,99
11.389 47,30
11.27 46,94

GREATENR THaM
1.5x1rExP=4a

HOURS  TIME o/
21 .14 88,06
19.24 80,18
16,93 70.9%
14,73 61,37
14,43 60.1%
14,2 59, 4%
14,48 59.10
14,12 0,88
14,04 58,50
13.9% 58,10
13.85 €7.714
13.7? 57,39
13.6% $7.00
13,064 56,8%
GREATER THAN
W LT e

11.7¢% 8,99
11.71 48,01
11.6/ 48,01
11.6u 48,384
11.51 4/, Ve
11.37 47,39
11.20 46,98
11.¢v 46,648
11.15 ab, 49
i1.u¢ 45,16
10.98 45,73
19.67 45,91
10.7Y 44,98
10.0Y 44,55

Sixty deg: Page 11
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GREATEN Trat
1.5%x19ExPey

H“OURS

14,51
13.66
13,49
13,43
13,22
13.17
13,112
13.0?
12.91
12,484
12.74
12.07
12,61
12.53

TImfF /9

A0.47
56,94
56,23
.5,54
55.10
€a,09
4,83
54,27
€5.79
€3.4%
€3.07
€2,79
€2.53
a2.19

grealen Tman
1.5x 10ExPed

11,19
11.12¢
11,04
10.74¢
10,01
10,72
1y,086
10,99
10,51
10,99
10,91
1v.42
10,34
10,97

46,60
46,33
46,00
45,58
‘5005
44,66
4,43
44,14

T 43,70
48,37
ag,9¢
42,57
42,26
41,96




. . v
e .
"| R
VI
_
™ {
' "
. . ! )
GPEATFR THyN QREATER TwaN QREATER THaN GREATER Twah
1.5x10EyPeb 1.5x 10EXPeS 1.5x 10EXPsd 1.5x$NExPe} Sl
DAY :
oF Tug :
YEaR ~JuRS  TImg n/Q «01RS TImMF D/0 WOURS TIAE 0/0 HOUHS  TINWF /0 .
1 4 N
ocY 21 15,95 66,44 18,09 42.84 13.72 §7,46 12,43 24,79 ‘.'1 L
et @ 72,80 16,04 70.4% 14.9%1 60.48 12,37 84,54 -
act @3 19.0R 79,49 18,56 17.34 17.20 71469 12,3 81,29 1
sCt- 26 .6k 88,08 20.19 neL1x 19,09 79,96 12,25 31,03 4
act 28 22.2n 92,49 21.79 90.8n 20.77 06,58 16,82 70.10 [
ocT 28 23,77 90,04 23,36 07,3 22.3¢ 93,48 20.19 e, 11 3
oct 27 6. 01 100,00 24,00 109.00 24,00 100400 22.19 92,10 ;
ocT a8 24 90 100,00 24,00 100.00 24,00 100.00 24,00 100,00 o
ocT a9 24 ,0° 100.00 24,00 100,00 24,00 10000 24,900 100,00 ( A
octT - 30 24,07 100,00 24,00 100,00 24,00 10000 24,00 100.00 _
ocY 3¢ 24 of 100,00 24,00 100.00 24,00 100.00 24,00 100.0C \
soV - 1 o240 100,00 24,0 100.0n 24.00 100400 22,53 93,89 '\
NOY 2 D4, 0 100,00 24,0t 100.00 24,00 100400 21.09 a7,88 | o
ROV s 24,90 100,00 24,00 100,00 2.1 97.92¢ 19 2¢ An tE S
N
cpaTER THaAN GREATEH TwWaN GREATER THAN GREATEX Tran o
l'gxi,"i';pqz ' 1.5x 10ExPey 1.5x10EXPe 1.5x1cbxPey . ::
ettt 2% §1.76 49,02 11.18 Ty 1 10.04 44,32 9,v8 41,58
ect - 22 11.87 48,64 11,12 46,33 10.98 44,01 9,88 43,17 _ 3
oct &3 11,62 48,40 11,04 45,99 10,406 43,58 9.1 4p,87 Y.
wecT —2% 11,54 48,0% 10.98 45,99 10.3° 43,26 9.72 ap.%0 -
ocT a2t 11,44 47,85 10,08 4533 10.32 42,99 9,63 40413 ' iy
wcr—7¢ 11,39 47,44 10,03 45.03 10.22 42,09 ¢, 56 39,02
ocY 27 11.382 47,1¢ 10.71 44,82 1c.14 4z 24 9,40 39,43 :
geT—2¢  11.25 48,00 10,68 44,10 10.07 41,98 9,30 39,10 i
ocY 29 13,85 §7,72 10456 44,00 9.97 41,54 9,32 38,83 .
PTTIT 11,17 4e, 84 10,46 a3.99 9.91 41,20 9,23 18,46 '
oct 3% 11,03 45,94 1u.42 43.4p 9.8% 41,03 9.18 38,08 M
KOV—3%  30.97 45,89 10.3¢ 45,18 9.77 40.70 9.¢68 37,78 | ’
MoV 2 10,92 45,50 10.¢¢ 42,85 9,67 40,27 'R 37,39 v
wovV—-3 10,85 45,28 10.18 42,42 9,99 39,98 8,90 37,07 0
\
ol
ns
1
1
4
¢
s
:.'
¢
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GSEATER Tway GREATER THanN GREATFR THAN GRELTER Thar

! 1.S5x1"EvPed 1.5xL0EXP=S 1.5%x 10€XPad 1.5x17ExPey
© DAY
I TeE

s YEaS W' WS TIME Az wOQURS TIMF /4 »OQURS TIF o/p MOUIS  Time ¢/

he Ny 4 24, 0r 1no0.00 23.27 Q8,94 21.56 89,8y 17,20 71,68
NOV L) 22.2? 92.%7 P1.44 "9.3¢ 19.73 82,22 14,09 £8,%0
NOV [ 20,10 83,73 19,44 AQ.99 17.82 74,25 11,51 47,95
xOY ? 18 4¢< 78,46 17,71 73.7%9 18.71 65,46 11,31 47.11
oV .} 16 AP 69,49 15,98 46,959 17,86 53,54 11.16 46 ,4A
NOV 9 14,9% 82,42 14,01 g8, 30 12.38 51,58 11.07? 45,13
s0v 10 13,2 55,¢3 12,93 £3.89 12,1% S0.62 11.00 45,82

i Nov 1t 12.99 54,13 12.92 t3,84 12.07 50,30 10.93 45,56

: A0V 12 «2.,74 £3,10 12,68 52,86 12.02 $0.07 10,89 45,38
NOV 18 12.7a 93,10 12.64 €2.81 11.95 49,79 10.84¢ 45,18
vov 14 12,74 €3,0° 12,68 €2.87 11.91 49,8¢ 19,78 44,93
Nov 13 12,49 $2.00 12,948 €1.8% 11.86 49,44 10.71 44,67

v NOV 16 12,49 52.09% 12.48 1.8 1¢.81 49,20 10.65 44,35

! NOV L7 12,54 $2.n7 12,43 51,84 11,76 49,00 19,60 44,18

, GREWTEN THaAN GREAIER Tran GREATER THaN GREATEN Than

“ 1.5%1 E£xP=2 1.5x1CexPe=y 1.5 LuErveyd 1.5x10EXrP*y

ta
NOV 4 10,7e 44,85 10.11 42.11 9.51 319,64 4,88 36,890
NOV™ 3 10.6% 44,3 10,03 41.80 9,44 $9.31 8,75 16,48
NOV 6 10,97 44,0° y,9° 41.45 9.4Y 39,114 8,06 36,10
NOV 7 10,49 43,71 9.v3 41,28 9.32 $8,84 8,99 39,78
Nov 8 10.43 43,47 9.85 41.08 9,24 38,953 8,51 35,46
NOV 9 10,3v 43,2/ y.70 4w.7% 9.15 $8,11 8,48 35,10
Nov 10 10,48 435,09 9,09 4,36 9,09 37,96 8,37 3e,86
\ov 1t 10.2" 42,74 9,62 40,08 9.01 37,55 8,3y 34,59
NOV 12 10.17 42,36 9,56 39.83 8.93 37,23 8,22 314,27
nov 43 10.11 42,14 9,40 39.91 8,6y 37,u¢ 8,14 33,91

' OV 14 10,56 41,91 9,42 319.¢7 8,03 36,00 8,1y 35,75
NOV LS 9,99 41,0¢ 9,3> 39.08 8.7¢ 36,591 8,33 33,48

- NOY 16 9.93 41,30 9.4¢ 38,85 8,60 36,15 7,96 33,16
NOV A7 9,89 41,19 9.20 1,57 8,63 39,94 7.9¢ 3¢.93

J

P
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B PSP

gogatrR THuN GREATER TwaN GREATER TwaN GREATER Twar
1.5x1NExPeé 1.5%10E AP el 1.5x10EXPed 1.5x4nNEYPel
DAY
or St
YEA® WouRS  TIME 0/0 wQURS  TIwr 0/0 MQURS TIME 070 wQURS YINE n/0
Nov 18 14,07 8,62 13,0% 54,39 11,27 9,04 10,56 44,00
18,72 65,32 18,04 62,69 11.94 49,7¢ 10,52 43,83
sov 20 17,97 72,36 14,84 70.0% 15,00 62,48 10.50 a3, 73
NV Y% 18,70 27,9 18,22 75,90 17.0% 71,28 10.% 43,80
nov 22 20,22 84,27 19,82 YR 1 18,04 78,59 12.83 §3,45
NQv Y 24.7% 0,64 v1.39 a9,49 20.4? es,3¢0 17,58 73,26
aQV 24 21,40 97.%1 22.%6 95,65 22.07 94,96 19.7¢0 82.07
wov— 78 24,00 100,00 74,00 100400 24,100 160+ 00 21.%? 89,88
NOY 26 24,00 100,00 26,00 190,00 24,00 400400 23.7% 98,9¢
wgv-—qr- ?s.0C 190,00 24,00 100.00 24,00 100.00 24,00 100,00
nov 28 74,00 100,00 24,00 100.00 24,00 10000 24,00 100.00
wov v 24,00 100,00 24,00 100,06 24,00 100409 24,00 109.00
112 1 24,00 100,00 26,00 100.00 24,00 100400 22,56 94,09
PEe "¢ 24,00 180,00 24,00 100.00 24,00 100D 20.80 06,68
GREATEN ThaN GREATER Traw cREATEN Tran GRLATER THAM
1.5%10EXPe2 1.5X 3 0EXPel 1.5x1GEXPeD 1.5x10EXP*Y
NOY 348 9,84 4p,9% 9.1? 38,23 8,97 35471 7,85 32,70
xOVTIY 9,78 ag 74 9,14 318.06 8.51 3549 1,79 32,44
{ Nov 20 9.7 Ap, e 9,09 $7.8? 8,43 3514 7,12 32419
! xov— e 9,66 4p,27 e, 04 37.68 8,30 34,492 7,064 31,82
nov 22 9,63 40,14 8,97 37.39 8,33 kYRR 7,99 A PPN
wov Iy 9,60 19,99 8,%0 37,09 8,27 34,48 7.5% 31,38
oV 24 9,986 19,84 8,46 36,93 8. 20 34,37 1,47 31,18
UV 9,52 19,60 8,04 .7 8,18 34,08 7,80 3p,05
nov 28 $,48 39,4 8,75 16,46 8.35 33.95 7.8% 3064
14,96 82,32 8,7 16.2? 8.11 33,890 7,30 30.,4¢
w0y @8 14,22 59,2¢ 8,6 36,47 8,07 33,62 ?.29 30,49
oV 9.3? 34,09 8,006 16.06 8.07 33,43 7,19 29,95
NOV 30 9,33 18,86 8,63 15,94 7.98 15,23 7,15 29,40
9,26 318,60 4,5 35,80 1,92 43,08 7.131 29, 6¢
-~
iy
~

2,

.
(N
a

Py B V28 4

- -
.

:E'!:i{~ff't.

<

{222

AN
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r
)
GrEaTeR Twmgn aAEATER Twman GREATEN Twar GOEATER Twan
" 1.5x1rEYP=¢ l.Sx LnExPes l.5xirgrPea 1.5x1nExPey
|
Dav
eF T=¢f
';,i YEac w0"'WS  TIME azo wQIIRS  Time o/n MOUINS  TI%E 479 nQ1'kS  TImMF frrn
F& nege ? 24,n* 190,00 24.59 al.94q 22,22 92.57 16,87 18,64
nEC 3 22.79 95,86 21,6M 90.3¢ 2n.47 85,29 18.70 69.6n
necC 4 on, a7 As, 31 19,9¢ 23,0 18,69 77,86 13.76 $7.31
net L] 1A, M 78,38 18,29 76.22 16,80 70,34 10.04 41,99
nee 6 "7, 71.67 ‘8,60 AV 4o 14,99 62,09 9.89 .23
rec ’ TS A 66,0 14,90 A2.%a 12.1°F 50,77 9.8 an, ¢
, rEe 8 14, 9a €4, 08 a3, ud ¢, 3n 11.15 45,46 9.74 40,57
{ nee 9 «?.1" Sn, 63 11,69 a8 .y 19.9v 45.89 9.72 an.sz
| £EC 10 11,7 4R 93 1g.6n RY 19.995 45,894 9.7 a0 47
nec 11 11,74 48,93 €], ,08% 49,64 10,97 45,52 9.79 40,42
nec 12 11,74 aA 93 y.00 LI th,9: 45,412 9.~ an, 3R :
net 13 11,74 458,93 vq,6n 48,88 1n.8F 45,34 9,0% an,3a ‘
w REC 14 1.7¢ an 93 11.0¢ 48,85 1n.87 45,29 9.67 4,20 '
’ rEC 1Y v1,74 48 93 19,8~ 47,46 11,8¢ 45,27 9.86 en, 24 (]
+
, LeEiTER Trge AHbatEk Tman GrbanThbw THAN GREATER Than .
:_s) 1.5 1 £xp=2 1.5 1lexre=i 1.Sx 1. expey 1.Sx 1yExwHey {
- ggg § 9.2: 18,45 8.5¢c 9.8¢ 7.80 $¢./6 7.40 29,49
rec . v.1 58,20 0.5 15,49 7.8 32,99 7.y4 9.3z
nEC 8 :-}i n.a2 8.4 25,42 1,77 32,38 v 29 16
. PEC 6 e $8.9 8.4 15,14 7.74 $2.23 6,96 20,99
XS p ’ ?,1v 17,98 8,3y 14,94 7.7 $2.13 6,.v2 28,81
neE Y.c/ 17,861 9,39 6,71 7.6V 32,06 5.87 “'“
ngg : v.eh T1.70 8.2Y 14,54 7.08 51,98 6.53 T 46
., D 9,.0¢ a4 4,2n $4,80 7.88 31,94 o /v ¢
ke nDEC 10 9.0 v . 26,2y
|0 7.4 a.¢h 16,42 7,08 31,83 6. 76 e
pEC 1d b,97 YRV 5 2w 4 . . . 78,18
neEc 12 5.95 .y '€ 44.,35§ 7.0¢ 31.76 6,74 6,09
. 37,2/ 4,28 34,29 7.6¢ 31,069 6,7
DEC 13 ) 7,47 2 J e 20,00
- Yl $7,1 8,.2¢ 34,24 7.59 31.01 o 7 )
reC 14 o,0v 47 .98 8,2 4.2 e o33
pEC 18 S oy *? o i¢.21 7.5/ 31,94 6,0y /.87
.0 37,09 8,20 44 .17 7.5 51,48 6,08 27.8%
A )
{i
o
12
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GOEATPR THawn AREATER TwaN GREATER THaAN GREATER Twar

1.5 EyPed 1.5x LAEXPeS 1.5x 1NEXPud 1.54nEyPel
oy Day
of twE
YEAR wCHRS  TImE a/0 wot'RS  TIMp 070 MOUIIRS  TIME 070 mO''RS  TIMF r/n
ke 1¢ 12,42 $4,74 91,69 48.74 10.8¢9 45,39 9,66 40,23
wvECIT 4.0 89,20 3,44 $5,87 11.05 46,03 9,88 49.2¢
nEc 18 15.89 66,20 18.27 63.8¢ 12,79 ©3.29 9. 68 4p.34
TTC 19 17,48 72,75 18.94 ?0.9R 15.28 63,97 9.76 49,68
sEC 20 18,758 78,10 «8,32 26,34 17.17 71.9% 9.87 41.15
stC 2¢ 20.3? 84,08 19,91 n2.98 18.91 78,84 15,01 62,52
pEC 22 21.99 94,62 21,54 89,74 2n0.5# 85,76 17.49 72.89
vET 23 23.79 99,114 23,24 98,085 22.2? 92.78 19,56 8y.51
pEkC 2¢ 24,00 170,00 24,00 100.00 24.00 100400 21.5%1 89,63
*ET 2% 24,00 in0.00 24,00 L L 24.00C 100400 23.61 98,3¢
oEC 26 24,0 100.¢7 24,00 1n0.0N 24,00 100.00 24,00 100,00
wEC 27 o4, 0" 1100,.0 24,00 {nC.00 24.0C 100.0¢ 24,00 100.00
pEc 26 24,00 100,00 24,00 1r0.0N 24,00 100,00 24,00 100.00
RC TV 24.00 110,00 24,00 10000 24,00 100,00 22.08 94,50
GREATER Tran GREATENW TwaN GREATER THAN GREATEX® Trah
1.5x 13EXPe2 1.5x $0EXPeL 1.5x $0EXPeD 1.5x 10€xP e}
nEC 16 8,89 $7,0¢ 8,19 34.314 7.54 31,42 6.67 27,78
1y aidbes 8,88 87,02 8,19 344313 7.98 31,38 6.66 2774
pEC 18 6,89 37,09 8,19 14,33 7.52 31.382 6,65 27.72
BT IV 6,89 57,04 0,1¢ 34.1% 7.51 31,20 6,65 21,71
nEC 20 8.9¢ 17,07 8.20 34,15 7.50 11425 6,65 27,72
w2 8.9 37,11 8.20 34¢.19 7.50 31.23 6,00 27,74
pEC 22 8,92 37,15 8,22 $4.23 7.49 31,22 6,06 27.77
eIy 8,9¢ 17,20 8,23 54,20 7.4 31,22 6,67 27,681
pEC 24 8,94 37,2 8,2¢ 34,33 7.5¢ 31,23 6,069 27.86
1 3°md 8.9% 37,30 [ Frs) 34.49 7.%6 31,29 6,7¢ 27,92
nEC 26 13,686 56,98 8,27 314,46 7.51 31,20 6,72 27,99
wEe 4T 15.60 45,00 8,29 34,93 7.92 31,32 6,74 20,07
nec 2 17,67 44,47 8,30 34,60 7.5¢ 31,4) 6,76 28,15
v e,98 37,41 8,32 ‘34.68 7.58 31,97 6,78 28,24

-
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GOEATFR TMaN aaEaTER Twan GREATER THaN GOEATEN Than

1.5x 1NEYPes 1.5x 10€xPesS 1.5 10EXP ¢ 1.5xl0ExPey

« DAY
eF TwE

yﬁ YEaQ wQ1'RS  TIME a/n woHPS  TIMF Q/n MOURS TIME g/g WQUNS TIKE (/n

¢ pfC 3¢ 24,00 100,00 24,00 100,00 23,57 98.2¢ 2

- . . . 0.80 88,66

o] VNN B 23,37 97,36 22.8% 95.2n 21.65 90.20 18 834 78,47
Jan 1 21,44 90.1¢ 21.16 48,14 19.97 83,29 16.64 89,33
JAN 2 19,99 83,27 19,58 AL, an 185.31 76 o9 13.59 5e.064
JaN 3 18, To.84 17,95 74,78 16,58 18,99 9,94 41,60
JAN . '6,2 79,33 16,34 A8.n? 14,53 V099 9,93 e1.39
JAN 5 15,24 83,49 4,60 An,82 11.5% 48.1% 9,92 44,35
JEN 8 13,55 56,47 12.59 52,48 11.26 46,92 9.93 41,38
JAN ? 11.99 40,98 11,98 49.7n 11.1° 46 .47 9,95 ay.4¢
Jan 8 11.99 49,97 44,93 49.7n 11.18 46,60 9,99 4y,6%
JAN ° 11.99 49,97 114,93 49,71 11.22 45,76 10,54 4y.84
JAN 10 11.99 49,97 11.93 .7 11,28 45,07 10,78 42,01

| JAN 1L v1,99 49,97 11,93 49,71 114.3¢0 47,06 10.17 42.17
JIN 12 12.24 $1.0% 12.17 §4.72 11.33 47,2¢ 10.1% 42,3n

. S‘-‘LLIEN Tras GRCATER Twan GRELTER THAN GREATE® Tran

r: 1.5x ) -gxvr=-2 1.5x1CcExXPe1 1.5x1vErP=0 1.Sx10EXP*y
nge 30 5,99 37,43 8,46 14,76 7.61 $1.7¢ 6,80 28,34
nec 31 g9y 317,40 d.3¢6 34,83 7.6% 31,086 6,82 28,43
JAN 1 S,9. 37,49 4,48 34,94 7.60 3203 6,85 24,54
JAN 2 9,04 17,62 8,40 14,90 7.7¢ 32:16 6,87 28,65
JAN 3 v,07 $7,70 8,4 35,06 ?2.75 32.30 6,%0 20,76
JAN 4 9.1 37,9¢ 8,43 15,148 7.29 2. 44 6,93 28,87
JAN [ vy, 16 L 4,49 $9.20 7.82 3¢>7 6,97 29,02
JAN s 9.1 18,2/ 8,49 39,42 7.8% $2.74 7.t 29,2¢
e 7 9,28 18,482 8,54 15,956 7.886 52183 7,98 29,41
JAN s $.2/ 38,84 6,58 19,76 7.9 3294 7,30 29,59
JAN 9 9.8 i8,7v d.62 35.92 7.9% 38:11 7,14 29,75
AN 10 3,3 58,94 8.69% 30.06 8,01 335,36 7,19 29.96
DAk 11 9.3 59,97 5.71 36,29 5.06 44,58 7,24 30,19
JAN 12 9,41 39,20 8,77 316,53 8.1 35,78 7,89 30,40

&

r

| -

.

i,

|
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DAy
ef Tt
vEaR

GREATPR THan
1.5x 10EyPeé

HOUIRS

12,24
13.40
14,083
16,45
18,905
19,69
?1{.42
23.%2
24,00
24,00
24 ,0C
24,00
24,00
24 01

TINE n/0

$1.08
94,60
64,80
68,96
75,21
82,08
89,24
98,02
100.00
110,00
100,00
100,00
100,00
100,00

GREATER Tman
1.5% 10fxPed

9,46
9,53
9.58
9,63
9,67
9.7¢C
(- 1}
9.0y
9.93%
1000?
10.1°€
10.1¢6
15,68
13.08

39,43
39,69
39,91
40,41
40,2
40,438
40,062
ag,89
41,30
41,7/
42,0°
42,32
65,338
74,30

BREATER TwaN

1.5x 10E¥PeS

“OIIRS

12.18
12.20
14,07
185,87
7,58
19,17
20,0868
?2.8¢6
24,00
24,00
24,00
24,00
24,00
24,00

Ting 0/n

LITRA
$0.8%
88,467
66,14
?3.08
7°.87
$.,.9Y
95,24
18000
100.00
120,00
103%.0n
j1o0c.00
10¢.0N

GREATER TwHaN

1.5x 10EYPwl

8,82
8,06
e,%
4.9
9,06
9.1
9,84
9,18
9.22
9.2%
LY ]
9,88
9,5)
9.99

36,73
$6.93
37.0?7
37,38
$7.67
37.90
38.10
18.26
18,40
38,65
38.92
39.33
19,69
19.98

Sixty deg: Poge 18

(S}

GNEATER THaN

HOURS

14.36
11.47
11,74
13,83
16,99
17.08%
19.6Y
298¢
2}. 40
24,00
24,00
24,00
24,00
24,00

1.5x 1nEXPed

TIME 0/0

47,33
47,89
48,94
$6.,80p
66,64
74,%
82.0%
89,49
97,54
100400
100.00
100,00
100400
100.00

GREATER THaN

8.1%
8.16
8.22
8.2¢
8.38
8,41
8,49
8,56
8,61
8,60
a.70
8,7¢
8.8¢
8,98

1.5% LuExpe+0

33.96¢
34,09
34,25
34,50
34,72
35.04
35,36
3>, 66
15,89
36409
36,25
36,959
36,90
87,83

GRESTER Tear

1.5x 4 ngxPe}
HOURS TIMF r/p
10.18 42,43
10.24 42,65
16.29 42.89
10,36 43,18
10.53 43,89
10.98 45,68
15,48 68,52
17,93 74,72
20.02 83,49
21,89 93,22
26,00 100,00
24,00 100.00
24,00 109,00
24,00 100,00

GREATER ThaA
1.5%10ExP Y

7.34
7,40
7.47
7,54
7,59
7,64
7,69
7,74
7,81
7,95
7,98
8,05
8,12
8,17

304690
30485
31,33
35,40
31,63
33,85
32.0¢
32427
32,.5%
32,94
38.27
38,96
38,82
34,05

i
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P T T [ T

R

- gEFATeR Tupn ROEATER TwanN GPEPTEW THaN GOFATEN Tear

1.5xq EvP=8 1.5x10€XPeS 1.5x1rExP-4 1.Sx1nEYPey

‘Day
ef Trg

“ YEAQ w0V TIME A/ -011kS  TImMF a/n wQUKHS  TIWF /9 OIS  TIWE /0

e JAN 27 24.0" 110,00 24,00 1a0,00 24.0¢ 109,00 23.11 96,28
JAN 28 24,.n" 1n0.00 24,00 1r0.0n 2. 41 97,96 21,23 88,46
JAN 29 2%, 0" 95,82 22.63 LY IRY) 21.77 90.7¢ 19,27 80.31
JAN 30 21.4% "9, 39 24.0% 87,89 20.1% 84.01¢ 16.9¢ 70.67
JAN 81 20.14 R4,02 19,70 a2.n7 1R, 4" 77,08 11.42 47,60
rgs 1 18,6¢ 77,48 18,10 75. 49 14,6% 69,48 11,34 47.24
fFEB € 14,9r 0,738 8,39 a4, 3 14,3 $9.66 11,449 47.2¢%

B FES 3 19,34 643,92 14,55 Ar.,b4a 12.7¢ $2.90 11.40 a7, 4n
FE® & 13 AN 56,89 13,20 £4.,9n 12,61 52,56 11,49 47,66
rea 8 13,24 55,19 13,19 S4,94 19,65 $2.74 11.96 48,1m
FEB & ot an 68,22 13,43 S%,94 12,7 $2.91 11,62 aH, 44
FEB 7 14,74 7,26 ). 67 €6, 94 12,7% 58.13 11,0¢ 48 ,6¢

. FEs @ 13,73 57,26 +3.87 €6.97 17,88 53,46 11./2 é8.82

\ FEB 9 1474 §7.,26 «$.6" &n, 99 12.94 93,89 19./n 49,10

T b aTen THam GREATEN Tman GREATER THaAN GREATEN Tran

e 1.5x 1-Exred 1.5X1nExP=1 1.5x 1ibXxre0 1.5x 1okxPey

= JAN 27 10.2° 42,72 9,04 40,19 9.09 37,87 8,¢2 34,25
JAN 28 10.31 42,95 9.09 40,306 9.11 37.95 8,29 34.55

e JAN 29 16.3% 43,40 v,/2 40.57 9.1¢ 38,17 8.4¢ 34,99
JAN 30 1y, 6" 43,5/ 9.78 40.76 9.20 38,39 8,49 35,37
JAN 83 10.54 a3, 90 .87 $3.14 9.2% 38,96 8,50 35.68
res ¢ 16,67 44,1/ 9,90 41.60 9,44 38,92 8,03 39,96
FEBL 2 10,07 44,3V 1v.07 41.95 G,48 39,44 8.09 36,19
rEs 3 10.7- 44,5/ 10,13 42.22 9,99 39,78 8,79 36,64
FEL 4 15.7¢ 44,71 19,18 42.42 9.6¢ 49,07 8,89 37,06
Fce s 10.71 45,09 19.22 42.58 9.07 40,30 8, vy 37,46
FEb & 10.9¢ 45,49 10.29 42.85 9.71 49,48 9.97 37,79
FEY b 11,07 45,91 10,90 43,26 9.7¢ 40.78 9.1 36,07
FEs 8 P 46,23 10.50 43,75 9,8y 41,29 9,2¢ 38,32

j§ Fee 9 11.1° 46,48 10,99 44,11 10.00 41,67 9,20 18,65

:.

1

]

lp

P
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Day
oF TwE
YEAR

(4 { Y
Tt IT
ree 312
ey 1Y
FeE 14
res A9
res 16
rges LY
(A CHERY
rte 19
FEB 20
FEB 21
ree 22
ves 23
ree 10
e 1t
rgs 12
rLE - 13
res 14
ree— s
FEs 16
resE— 17
rg8 18
e 1V
rES 20
a1 e
rFee 22
TET 2%

GRPEATER TwaN
1.5x 1NEYPed

=O1RS

13,7
13.74
14,448
16 3+
18,06
9,74
21.5%
23.6¢%
24, 00
24,07
24,0"
24 on
24,90
c4, gt

TINE 000

57,26
57,26
60.10
68,26
75,49
R2.,25
AG,83
98,143
100,00
100.00
100.00
1390.00
110,00
190.00

GHEaTER Tman
1.5xivExPe?

11.2v
11.2%
11.34
11,45
11.55
11.68
11.69
11,74
11,84
11.9%¢
12.1¢
12.17
12,22
12,33

46,6/
46,80
47,2%
47,7
48,14
40,45
48,69
48,91
49,34
49,93
$5p,40
Sp.72
Sp.%2
94,30

AREATER THaN

1.5x10EXPeS
wOIIRS TIme 0/n
13,68 57.01
13,69 87,02
3.7 $7.11
13,53 a4, %
12,39 ?2.47
9,13 9.7
20.88 nG,99
22.68 94.%>
24,00 100.0N
24,00 100.00n
24,00 inn.0n
24,0C 1Int.0n
24,00 109.0n0
24,00 106.0n

QREATER Tman

1.5x10ExPey

10,65
10,70
10.74
10.%e
10,74
1‘005
11.13
11.18
14.¢¢
11.34
14.41
14.53
11,604
13,07

GREATER THaN

HOURS

13.02
13.0°9
13.17
13.33
14.82
17.23
19,24
21.13
?22.97
24.00
24.00
24,90
24,00
24,00

1.5x1nEXP=d

TIME 0O/

54,24
54,94
54,88
§5,9%4
61,76
74.80
804189
88,09
95,79
10000
100.00
100,00
100,00
100.00

GREAYER Tman

1.5x1CGEXPeD
44,37 10.09 42,03
44,57 15.1° 42,29
44,76 10.20 42,50
45,16 1p.27 42,79
45,60 1p.36 43,48
46,04 10.47 43,68
46,36 10.57 44,08
46,99 ip.6¢ 48,32
46,83 10.69 44,5%¢
a?7.2% 10.78 44,92
47,.% 10,87 45,29
48,04 10.95 45,63
48,39 11.05 46,06
40,63 11,13 46,38

Sixty deg: Poge 20

it

GREATER Twan

1.5x1nEYPe]
nouNs  TIME r. 0
11.87 49,47
11.98 49,93
12.90? $0.30
12.14 $0.59
12.71 $S0.87
12.85 51.47
12.79 €3,28
16,316 67,34
168,82 786 .40
20.77 86,56
22.44 3.5
24,00 100.00
24,0y 100.00
24,00 100.00

GREAIE® Twan

9.87
9.47
9,56
9.63
9,69
9,78
9,87
9,97
10.08
10,14
10.28
10,381
10.39
10,48

.Sx10Exk el

39,04
39,48
39,84
40.13
40,39
49,7¢
431,11
41,56
431,93
42,23
42,54
42,95
43,27
‘!|67

~
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.
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.
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-’y

o

‘9

QAy
OFf THE
YE&Q
rEe 3¢
‘e 29
rgs 26
ree-
fFgo 28
AN <+
LYY 2
LY L S
mAR 4
ugw - 8-
A [
wgw 7
AR ]
MEW 9
rg8 24
FEE 29
FEW 26
ree 27
res 28
HAR {
wAw F 4
wAR 3
nAN 4
»AR ]
mAN []
miAR 7
[ F L. ]
AR )

Gogaten Twaw
1.5x 1rEyPes

QRS TImE ns0
24,00 190,00
24,00 100,00
24 .01 110,00
2y, 4 97,94
22.1! 92,11
2,,.%1 a8 44
8,94 78,92
17,38 r2.2¢
16,87 85,91
15,49 LY 1
15.7¢ 45,60
5,909 LY SN Y]
65,99 a6, 04
19,99 66,64
GREATE® THaN
1.5 0gxPe2
12,4¢ 51,60
12,44 51,602
12,49 52,00
12,98 32,43
12,66 82,7
(2.7% $3,2°
12.87 S3,61
12,98 $5,87
12.97 $4,0%
13,06 54,42
13,20 Se,99
13.5) $9,40
13,39 55,80
13,45 56,0¢

AREATER TwaN

1.5x10€xPes
waAS TImp 0/n
724,00 1r0,.0n
24,00 1nG.0N
24,00 ien.00
23,04 95,89
21,64 91,32
29.07 N5.81
8,38 78.%7
16,61 69.19
16,44 44,38
8 44 A6,33
15,6n 25,34
5,92 A6.3%
85,93 A8.37
8,93 ab.30
GREAVER TraN
1.5d0€EXP»
11.77 49,04
11,86 49,42
11,92 49,69
12,00 49,99
12,09 50,38
12,18 80,74
12.30 51.4d6
12069 91.61
12.44 51.684
12,44 52,01
12,58 $2.49
12,73 53,09
12,04 $3,9%0
12,9 83,80

[

Sixty deg: Poge 21

GREATER THMaN
1.5xinFXPad

HOURS TIWE 0/¢

24,00 100.00
24,0C 400.00
24,00 $100.00

272.20 92.9¢
20.97 85,72
10,82 70,44
16.76 69,84
14,98 62,44
14,84 61,89
18,90 62,07
14,94 62134
15,04 62,69
19,48 638,24
15.?9 63,74
GREATEH TMaN
.Sx 10EXP+D

11.20 45,606
11.32 47,43
11.‘9 a/,40
11.4% 47,69
11.5. 49,310
11,02 48,43
11.7% 48,99
11.0% av, 36
11,94 A%, 04
11.9¢6 49,85
12.03 50,43
12,47 50,78
12,29 51,42
12.3¢ 51,97

GREATEN Thar

1.5x1nExPey

RS TIWE ¢c/0

24,00 100,00
24,00 100.00
24,85 91.01%
19,40 02,49
15.77 65,21
13,48 96,16
13,49 $6.27
13.57 56,56
13.68 $7.02
13,79 8T, 4R
13,88 87,83
13.94 56,09
13.99 58,20
14,10 58,77

GREATEN Twan

1.5x 10ExPey

10.57
10,04
10.75%
10,9¢
10,94
19,99
11,00
11,19
11,2Y
11,3?
11.ld
11,49
11,62
11,74

44,04
4,34
44,29
43,16
45,48
43,78
46,16
46,87
47,05
47,38
47,69
47,09
48,44
48,9

-t
-y

-
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e e SAT AL AL

GREATER TwpN

1.5x1°"’..

DAY

oF TwE

YEa® «“0NRS  TIME 0/0
wa 10 18,99 46,64
TIRIT 16,49 68,72
AR 32 16,49 68,72
I 16,50 68,73
WAl 34 18,20 75,85
Y 20.08 83,37
AR L6 22,18 92.42
VER TIT 24,00 100,00
vAR 10 24,00 100,00
IR IV 24,00 100,00
waR 20 24,00 100,00
BIWZT 24,00 100,00
wan 22 24,00 100,00
WIR—I3  %4.00 100.00

GREATER THuN
1.5%x3 0EXFPe2

YL Y ] 13,49 56,20
WIWTTT 43,68 56,72
wAR 12 43,75 57,380
T3 313,05 87,7
maft 14 13,92 $8,00
a1 13,97 28,20
AR 16 14,07 58,63
WY 44,20 59,17
AR 18 14,38 $9,69
WEX IV 14,4 6p,0%
wAR 20 14,47 60,30
WERT 73 14,60 60,04
wAW 22 14,76 63, 4%
L L AT ] 14,87 63,96

A WA »

-

QREATER TwaN
1.5x10EXPeS

WOURS

19,9
46,42
16.42
16,43
17.18%
19,17
?21.29
23,34
24,00
24,00
24,00
24,00
24,00
24,00

Ting 070

66.4%
68,44
68.48
66.46
74.49
,’...
83,72
06,40
100.00
100.00
100.00
160.00
100.00
100.00

GREATER THaAN
1.5x10ExPay

12.9¢
13,90
13,19
13,28
13,87
13,43
13,47
13,9
13,70
13,82
13.%0
1),07
14,0°
14,17

$4.00
94,14
s",’
95,133
5,74
85,97
86,14
96,63
$7.99
87,58
87.9¢
38,20
88,79
39,08

QREATER THAN

1.5x30EXPed

HOURS 7TIME 070
15,37 64,00
18,6¢ 64,28
158,82 64,00
18,67 63,39
15,089 66,22
16.48 847,43
168,72 77.98
:0,'3 87,49
22,08 95,33
24.00 100,00
24,00 $00.00
24,00 100,00
24,00 100.00
24,00 400.00

GREATER THAN
1.5x40EXPe D

12,44
12,48
12.9?
12.72
12,03
12,90
12.95%
13.0%
13.16¢
13,28
13.3%
13,42
13.83
13,62

Sixty deg: Poge 22

lie

3 AACa CA Call

o WA/ 2 A

- 51,04
83,9¢
52,39
58,08
53,49
$5,79
SI."
54,36
S4,74
S’Q"
55,66
99,94
$6,87
86,77

GREATER Tmar

1.5x40ExPel

MOURS TIME t/0
14.2¢ 84,34
1‘.3‘ "'75
14,44 60,06
14,67 60,28
16,56 40,05
14,73 64,36
14,88 64,98
15,14 42,94
16,69 8,54
19,98 81,98
21.4¢ 89,20
22,79 94,97
24,00 100,00
24,00 100,00

GREATEN Twah
1.5% 10ExPey

11,83
11.9%0
11,94
12,04
12,17
12,27
12,3¢
12.42
12,92
12,44
12,70
12,80
12,08
12,98

49,328
a9, S8
49,83
80,18
50,70
$3,1¢
84,49
$4,77
82415
32,93
83,94
13,38
$3,4?7
$4,10

e, L
A - A PP,

—
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—d
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.
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GOoeATFR TwaN QREATER TwaN GREATER THah GREATER Twan

1.5x 1°EyPeé 1.5x4nExPes 1.594NEXPe¢ 1.5x 10ExPe}
*Dav
of Tw¢
§ L w01RS  TINE 040 wQURS  TImr 0/0 MOURS TIME 0/9 HOURS TINE 0/0
} wAR 264 264,00 100,00 24,00 100.00 24,00 100.00 24,00 100.00
AN 29 24,00 100,00 ?4,00 100,00 24,00 100400 24, ¢0 100.00
vad 26 24 .00 100,00 24,00 160,00 24,00 100.00 24,00 100.00
wan 27 24,00 100,00 24,00 180,00 24.00 100.00 22,46 3,57
YL 1 24,00 100.00 28.92 99,88 22.87 95,29 19.99 83,30
vam 29 22.71 94,04 22.2% 92.70 24.18 88,093 16,20 87,49
vae 30 21.39 09,44 20,82 ne.,77 19,47 79,90 16,24 67,58
wam 31 19,87 82,79 19,16 79.8% 17.9% 74,77 16.2% 67,69
apn 3 18,74 79,10 10,08 *7.0% 17,74 73.,%0 16,40 60,32
APR e 18,74 78,10 10,68 77.84 17.68 74,469 16,953 46,09
APR 3 19,26 8g,1? 19,17 99.8? 18,02 75,40 16,63 69,3¢
ipm & 19,2¢ 89,48 19,17 79,99 18,14 75,99 16,71 69,64
b APR [ 19,24 8p,48 19,18 79,94 18 "4 715,99 16,79 9,96
apf [y 19,49 84,22 19,43 00.9%4 LY . 78,79 16,96 %0,67
e GREATEN THaN GREATER THaN GREATER THan GREATEM TmaN
‘. . 1.5x 1NEXP» 2 1.5x10ExPel 1.5x10€xpe 1.5x10ExP ey
MAK 24 14,98 62,22 14,2% 59,38 13,69 $7,04 13,08 54,51
mAR 2% 195,04 62,68 14,39 $9,79 13,79 $7,44 13,16 54,82
’ man 26 15.11 62,97 14,40 60.24 13,87 $7,89 13,43 85,14
" waR 27 1%.17 63,21 14,50 60,74 14,01 $8,36 13,48 85,53
wan 28 15,22 63,42 14,08 61,00 14,131 58,78 13,45 96,03
o~ AW 29 15,8 43,78 14,74 81,30 14,18 99,07 13,53 56,40
1 wan 30 19,46 64,41 16,74 61.60 14,23 9,27 13,03 %5¢,80
MAN 31 15.38 64,90 14,94 42,28 14,32 59,67 13,70 87,07
APM L 15,89 65,2° 15,07 02.78 14,40 60,43 13,76 87,33
APM 2 15,72 65,4V 19,1% 63,13 14,59 00,77 13,90 $7,91
AP 3 15.8¢ 6%,03 19.2¢ 85.37 14,606 61,09 14,04 998,38
% 4 19,97 66,54 15,29 63.5%5 16,74 61,384 14,10 88,7%
aPw 5 16,07 67,02 15,42 64,27 14,78 61,00 14,17 $9,04
- APK s 16.17 67,30 15.5%% 04,81 14,94 62,29 14,28 $9,29

3
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THah
N GREATER THaN QREATER ;
gREATER THaN angateR Twa .o oy .
1.5x30CYP=6 1.5 {6EXPeS 1.5% 10C¥Ped 10€ > .:.
. :
Dav i
- y,
°::::t WOURS  TIME 0/0 WQURS  T1Img 070 WOURS TIHME 0/0 wouRs TIWg 070 "
17.08 74.18 v/ !
. [N} 01,97 18,35 77438
-rnr—‘" 4 ::;: :;'.;6 ;0.00 61.99 16.67 77.04 1;.1: ;:.3: ) '
v ,o'" 63,30 19,92 03.02 18,084 78,37 1’.50 72’4' . v
rrr-". v 20.2¢ 8a,34 20.17 04,09 10,98 79.0: 17." "._" ) ¢
b 20,26 84,38 20.18 84,07 19,12 79,4 17'49 _"." : ¢
A 24,19 o8, o4 20,44 68,16 19.30 89,44 333 70'01 .::
e 35 sl 6,36 21,04 90.99 19.83 83, 44 17.7¢ 24:04 v
:::r in 2¢.0¢ 100,00 24.00 100.00 20.5¢ ::.:. io’u ";“ s
APR 43 26,00 100,00 24.00 100.00 23.2) .° 1!.!7 4134
aewoge 2e00 100,80 ZLi00 deee0n 2050 10000 20,03 03,48 5
:::réz ;:3;’ tgg:gg u:oo 100.00 24,00 100400 ‘;g:i :g.;g \ ::
PR 19 24,00 100,00 24,00 100400 24,00 100400 33 1oo'oo : 3
:,n— ;g 24,00 100,00 24,00 1A0.00 24.00  100.00 . . 1
GNEATER TmaN QREATER Tman GREATIR TraN GREAVEM TmaM ,
1.5%10EXPa2 1.5x10ExPe} 1.5x30ExPel .1.5x40ExPe} w -
LY 89,78 .
6,22 67,60 15,64 65.48 15,00 623,79 14, .
-:-::—- ; 15.3‘ oe:o7 18.7¢ 65,43 15,14 63,09 14,47 oo.a: s
PR 9 16,49 68,72 18,79 65.8¢ 15.20 63,36 14,98 60,0 o
17!"1‘ \'e 15:60 69,48 15,94 66,39 15.3%3¢0 63,73 14,64 ox,o% 4
APK 31 16,68 69,53 16,05 66,86 15,40 64,18 18,74 u,g‘ X
a1 16,79 69,94 16,1 67.24 15,53 64,7y 14,82 oy, ‘ ‘ Q
AP 4} 16,89 70,37 16,20 67.9%% 15,62 65,09 14,9 62.: 3 |.
ppRTE 17,04 Tp.98 16,83 68,03 15,69 65,30 15,02 :a,qg )
APk 18 17,14 71,42 16,42 68,40 15.02 65,:: :::: ‘g.”
7.2% 74,80 16,95 808,98 18,0 66, . . ",
-:::-':; 17.57 7%:37 16,04 69,34 16.00 66,48 15, 3¢ 6),74 . t
r--3e 17,82 73,03 16,73 9,79 u.zg :;,ig i::: ::.2: - N
W 19 7,65 73,5¢ 16,86 70,26 16.1 ' ' '
-rn—zv" My 27.76 73:99 16,94 70.60 16,382 67,47 15,57 YL N
i OF
-
E
‘e
A A
1 .
[ .
-
N
.
A Y
v
'y
-/ '
Sixty deg: Page 24
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L fethen RURI e . . Sl ot . P P AP R ST T “» Lo e Y L ot
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-
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\ -
.
GOEATER THaN GREATER TwaN GREATER THAN GREATEN Tran )
{.. 1.5x 1+EVPeb 1.5x10EXP-S 1.Sx $0EXPed 1.5x 10EXFey A
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PART 8: COMPUTATIONS FOR THE MC. 'S AND SUN'S
POSITIONS IN THE SKY

The useful illumination* provided by the moon on a point on the surface of the
earth is determined by the phase of the moon, the zenith distance of the moon,

and the zenith distance of the sun. These three quantities vary with time accordirg
to the motions of the sun and moon on the celestial sphere with respect to the
zenith. Their patns in the sky are defined by the relative positions of their
orbits, their positions in their orbits, and the rates of change of position along
their orbits. The motion of the observer’s zenith is governed by the earth's
rotation.

The moon moves, and the sun can be considered to move in nearly circular
orbits around the earth. The orbits are inclined to the equator and the nodes,
their intersections with the celestial esquator, move at essentially a constant
rate along the equator with respect to the fixed stars. The rotation of the earth
will display te different observers at different geographical longitudes but the
same latitude, different relative positions of the sun and the moon with respect
to the zenith because of the relative motion of the sun and moon in the time
elapsed tou bring them from the sky of one observer to the other's.
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This section specifically ignores rerraction and ausuiplisn.
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DEFINITIONS

The desired quantities are:

© = Phase of the moon i
Zm = Zenith distance of the moon
2. = Zenith distance of the sun

(2]
. —

The parameters chosen to specify thesea quantities are:

t = Time

I Observer's latitude

4 Observer's longituue .

Constants for the orbits (see Fig. 18) are: N

il = Inclination of the sun's "orbit™ (the ecliptic) to che
equator. This was equal to 23° 26' 40" in 196C.
12 = Inclination of the moon's orbit to the ecliptic (varying

with time from 4° 59' to 5° 18'); the mean value of $° 8' i
is taken here.

Variables defining the important motions &re (from Fig. 18):

g = Longitude of the sun from the vernal equinox (T); i.e.,
from the ascending node of the sun's orbit with the equator.

u = Longitude of the moon from the ascending node of its orbit
with the ecliptic.

v = Longitude of the ascending node of the moon's orbit from T.
a = Right ascension of the observer's zenith from T .
Assuming circular orbits, these variables change uniformly with time:

g =05+ 2 (t~t0)/Ts

U Ho ¥+ n gt-to)/Tm

v Svg - (t°fo)/Tn

a, =4 + 2w (L’-to)/Td

-
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For zero values of Tgr Hgs Vo and £, zero time (t=t ) correspcnds to noon at
the Greenwich meridian on March 21, with a new moon and the maximum inelination
of the lunar orbit. For the solar eclipse on May 20, 1966, at Greenwich ({ = Q),

— = /™

95 = 58.84°

g =0

Vg = Oo

€ty = 7:50 a.m. {'

The values of the periods are:
TS = The tropical (civil) year, the time between two successive
passages of the sun through the vernal equincx,

3.155692595 x 10’ sec

The rnodical month, the time between two successive pascages

T =
m
of the moon through the same node,
'
= 2.3511358 x 10° sec 1 K
4
T, = The period of regression of the rodes, the time for cne :
revolution of the lunar ortit pole around the pole of the }
ecliptic, ;
- 4
= 5.6696 x 19° sec . 4
= 18.6000 tropical years . '
Tq = The sidereal day, the time between two successive passages N
of a fixed star through the meridian, ‘ g:
= 8.6164099 x 107 sec ;
The rate of precession of the celestial pcle around the pole of the ecliptic . ;
is presently one revoiution in 25,781 years and is neglected in our calculations.
Tre assumptions of circular orbkits fcr the sun (eccentricity e = 3.016739) and
fcr the moon (e = 0.05490) leads to maximum errors in their positions of 1.9 -
1S

1.8 deg and €.3 - 12.5 deg respectively,6 depending upcn the posirion in the
elliprical orbit at which the circuliar approximation is started.

Three interesting harmonicisms exist between the moon and the sun, with
periods all between 18 and 19 years. These are the following:
The period of recurrence of eclipses = 13 years,
11-1/2 days;
223 synodic months (from conjurction to

Saros:

cOonjunction)
19 eciipse yegrs (time for sun to pass f{r
lunar-orbit node tc tne same node again = 144.57Z4)

2Xa annmalistic months (from perigee to

perigee)

—
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Metonic Cycle: The period of recurrence of the phases of the
mocn on the same day of the month;

23S synodic months = 6939.69d
- 19 Julian years (365.25d) = 6939.75%d
v Period of Regression of Nodes: 18.6000 yr = 6793.5d )
o
(s
N
S
DESCRIPTION OF CALCULATIONS .:
I. Declination and right ascension of the sun are found with the following .1.
) equations: '-;v:
1 o«
és = sin (sin ¢ sin il) DR
; . k)
R sinq = 31N g cos i1 |_.;
1. s cos & -
\." S
¢os o
oS - e———
) cos ag cos b
f
{
o The signs cf sin a, and cos G will give the proper quadrant {>r the angle
a
1 s'
("- II. The following equations 3re used in the computarion of the declination of
the ascending node:
i SIS § .
6, = sin (sin v sin il)
sina_ = sin v ¢9s 1y
r cns 6n
S = €S v
€% a0 " o578 «
n
i &
¢ ITII. The azimuth of the vernal equinox from the ascending ncde, the angle RZ,,
is found from the following equations:
¢
{ sin Az_ = 898 11
' N Zos 3n
cos Az = TSC€S v sin 6p,
( n sin v cos b
n
;‘ The angle used in the computations cf the coordinates of the mcon is the
e argle AZm, i.e., the azimuth of the moon from the ascending node:
Azm = Az.n - - ‘;2, when an is positive.
1\7.m = AZ“ - i,‘. when @, 1s negative.
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IV. The moon's right ascension and declination are found with these equations:

On
"

sin~t (sin 6 cos u + cos & sinp cos AZ )

8 T Gmn * %y

sin Azm sin 4
mn cos &

m

TN e ey ey

w
.
a
/
[}

cos u - sin 6n sin 6m
mn cos Bn cos Sm

cos a

oy

V. The coordinates of the zenith are as follcws:

D e

62 = Latitude of Observer, ) s
:Q‘;

= 2nt ‘Y'.
a, = 4+ Td

VI. The zenith distance of the moon, Zm, is found from:

_ -1
2, =cos™" (sin b  sin 6, + cos &  cos &, cos (a, - a))

H Armtn™ "——4\
l.‘-\ ‘e~

The zenith distance of the sun, Zs, is found from:

= -1 i
2y = cos™" (sin 6 sin &, + cos b cos &, cos (ay - a,))

The great circle distance from the sun to the moon, ¢, is found from:

- -1
@ = cos (sin 8, sin 6 + cos 8  cos & cos (a, - u,))
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INTRODUCTION

ft is tbe purpuse of these chants to
provide the Armed Forces with cosvenient
and mpid sccess to the latest sciamific
information availabie on natural illumination.
For clear days and clesr moonleas nights,
the illumination io foot-csodles falliag on &
fully exposed borizootal plese st say point
oa the esrth, at any day of the year, and at
any boor of the day or night, cen be found
quickly and sioply. This information is of
pribe imporiance in ‘answering Questions
reiating to recomnaissence, visibility, coo-
cesiment, snd other oaval and military
problems. Becsuse of the confidential natare
of meny of the problems, illustrsticos aod
exampies of the ase of this material are o
be publisbed usder separme cover.

mnuu? gl Basic Curve and Table.
More than 12, Deasurements were made

by the autbor ia the Arctic, Antarciic, and
the temperste and torrid zones of both hemi-
spheres between Juouary 1943 and May 1947,
Photoelectric illuminometers manufsctured
by tbe General Electric Company were used
for the measurement ol light lsvels adove
one foor candle. Lower levels were messured
by means of & Luckiesh-Taylor Brightness
Meter and & calibrated test plate. The
illuainometers were calibrated by tae U.S.

Bureau of Standards befare and after the
messurements were made. The brightness
hotometers were calibrated by the Nels
ark Leboratory of the General Electric
Company.

The original daia were plotted at large
scale and & swooth curve was drawn, This
besic curve was found 1o be iz good agree-
ment with fractional curves published in the
scientific jiterature by Jones and Coodit®
snd othess.

The iirst plate (usoumbered) is the basic
curve which gives tbe illumivation as a
functicn of solar altitude. The second plate
(al20 unoumbered) is » tabie of illumination
values corresponding 0 each degree of
altitode of sun from - 90 to - 21 degrees and
from 65 to 30 degrees. lllumination velues
e giveo for each tentk of degree of solar
sltitude from - 20 to 64 degrees. la most
cases, the figures gives are representative
of the precision indicatea; however, in the
lowest levels of illumination, below 3 2 10°°
(when the aun is 19.5 degrees or wore below
the horizon), three significant figures are oot
justified by the dats. Likewise, above 1000-
foot candles (9.9 degrees soler aitituge
ssd sbove) the valuz of illumination is
considered significant v no mare than three
figures although {our are occasionslly given

*Lloyd A. Joces and H.R. Condit, J. Opt.
Soc. AM. 38, 139,(1948)

EQUATION of TIME
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is the tabla. Actuslly, the values given in
the table were taken from s sisute reading
of Lbe basic curve, greatly ealerge in scale,
and present o troee pictwre of the rerve thao
could be made by straight interpoletion of
tbe table bad osly two or twes figwes been
gives.
1 i/ ive -

Setieg, Esch plate in this series applies o s
given istitude an sbowa ic the large (igure
st the top of the plate. Each plate contains
a family of curves, esch curve mpresesting
& given day of any year when the declinstion
of the sun is ss indicated oo the cwrve. In
this *‘Latitude Seriea’' the illuminatioa is
plotted contiowowly ss a function of tice
from midnight to noon and spplies coaversely
froo noor to midnight s indicated on tbe
time scale. Plates were constructed after
tabulsting 33,500 solar altitude values and
33,90 cotrespondiog values of the illumine-
tion. These vaives were plotted for esch 2
minutes of tine and curves drawn through.
After careful check of the plotted points, the
finai curves and inking were accomplished
by Mr. Heary Everett of Waghington, D.C.

lospection of the [atitude series clearly
iilusirates the sameness of the light at the
equator day sfter day, throughout the year
sameness both as o time of occurrence snd
to range of intensity. As obe progrestes
away from the equator into the lower lati-
tudes of the temperste zones, the wost
significant change from day to dsy is seen
to be in the time of occurrence of the normal
light distribution for thet fstitude. However,
43 coe [eaves the tropics 8 perceplibie rise
and fall ia the nooa iatensity is found to
occur from day to dey. This becomes progres-
sively more moticeable all the way 5 the
Poles. The rate of change from starlight to a
dezzling light in the early morning u the
equator is contrasted in this series with the
very slow changes which occur in any one
calendar day in the polar regions. Other

charscieristics of illumination peculier to
latitude can be roted.

M_Mx?mm Each
pair of these charts is (or & cerwia day of
the year as indicated by the declination st
.the top of the pege. The illumination ‘s
sb as e i function of istitude:,
each curve representing & given how of the
day. This ssries of curves, which derive
{rom the same dats previously described, is
presented in this secoad form primarily to
allow direct resding of illumisstion values
st aay lstitude from ose pole to the other
for a series of days througbout the year.

Declination snd Time. The approximate
declination oay be obtained frow the graph
hese illustrated for o mean vese (Figure 2).
More accurste declinstions are given in
nautical almenscs. The same holds wue for
the equation of Gme. All hours given wre for
Local Apparent Tioe, sometimes called True
Sun Time. Conversion of clock or standard
time to Local Apparent Time is made as
follows:

To standard tme, add equatios of time,
slgebraically (add uaing sign givea). To this
total add 4 minutes (or esch degree your
location may be East of the meridian of the
time zone in which you are locsted. (Time
zone meridisns are spaced every 1S degrees
from Greenwich). Or subtract 4 minutes for
every degree your location may be West of
the zone meridian. In case you are oa Day-
light Seving Time, you will subtract another
bour to obtain local apparent time. Example:
Assume you wish the true sun time (local
spparent time) for a place 73 degrees West
Longitude on June 3, when Eastern Standard
Time according to youw watch is 13:45.

Total {true sun time ot zone meridien) .13:47
75 degrees minus T3 Jegrees equals 2
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degrees (no. of degrees east of weridian) Therefore, to estimate the illuminstion
" T ; o6 8 clear oight with a full woon, determine
2 degrees multiplied by 4 minutes . the sltitude of the moon snd look up the
per degree equals +00:08 h . 00
. value of the illumioation due 10 sun plus
True Sun Time (Local Apparent Time). 13:35 skylight (for the same altitude) in the basic
Clesr va. Cloudy Conditions. The charts solar sltitude-illumination curve and multiply
and tables contained herein, refer to light this value by three-millionths (3 x 10°%),
conditions during average clear days, clear When the moon ia not full, this value

days being defined as [ess than seven tenths
overcast and with the sun’s rays unobstruc.
ted 10 the locality in question. When the sun
is obatructed by thin clouds, the values
given should be divided by two. For average
cloud conditions cbawucting the sun’s rays,
the values givea for clear days should be
divided by three. Occasionsily, for dark
stratus clouds preceding a heavy thunder
storm, the values given should be divided
by ten. However, this is not common.

must be multiplied Ly s factor oltgined from
figure 3° which gives the relative intensity
of the moon's illumination as a function of
phase sngle. Determine the phase angle by
observation or preferably from the Nautical
Almansc snd from the graph (figure 3) obtain
the relative intensity of the illumination.
Divide this number by 1000 and multiply the
value of the illumination for full moonlight
(obtained as in the preceding parsgraph) by

the result.

nfluence of the Moon, The illumination It is the hope of the author that these
due to the moon may be estimsted roughly charts and tables may prove of value to
from its sititude ana phase in the following ocesnographers, meteorologists, photogra-
manner. When the altitude of a full mooa phers, agriculturslists, and other scientists
is 65 degrees on a clear night, the illumi- a8 well as v» naval and wmilitary pemonnel.
nation on & horizontal plane is spproximatel
0.03 foot-cendles. Whtn the st':? .lmud: \\5-15-?-2 &W\
is 65 degrees, the illumination on a hor- DAYTON R.C. BAOTN

zontal plane is 10,000 foot-candles. The COMMANDER U.3. NAVY

rativ ol full moonlight to sun plus sky-light .
is then roughly 3 to 1,000,000, Other velues *H.N. Russel, Aswophysical 1. 43, 117

for fuil mocnlight follow the yeme pernnrtion. (1916)
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INTRODUCTION

It is cbe purposs of this book to provide the Armed Forom with
coavenient esd repid scoms w0 sciemtific informezioa svailsble oo
asturs! (liumioation. Por clesr deys aod clesr movaless aights, the
average illusioation is fooscandies falling oa s Fully exposed bori-
mnlphmuuypoiuoathnnhuuydoydhm.nﬂ
at say bour of tha day or aight, csa be found quickly sod simply.
This information is of prime impormoce in saswering questions
relscing o visibility, opdaal search, devacti i coo-
cuslment, and otber osvel sad military problems.

Nstural illumination exerts s grest infl on the
of sll living chiags — plsnts, fisbes, birds, sod apimals — includiag
the livec and habits of mea. it is boped. charefore, that these charty
sod tables msy prove of value to men of science, sgriculcure, sod
iodustry. as well 23 t0 esvel aod military personnel.

DERIVATION OF BASIC ILLUMINATION
CURVE AND TABLE

Moce than 12,000 illumination messurements were made by
the author, or under his supervision, in the Arctic. Aawmrctic, snd
the temperste sod torrid waes of both bemispberes berwees
Jenusty 1943 and Msy 1947. Pb lecteic illumi s maou-
factured by the Genersl Electric Compsny were used for the mess
urement of light levels sbove | fc. Lower levels were messuced by
means of brightness photomersrs and s calibraced tesc place. The
G. E. {lluminometers and the Brica O'Brisn low-level Brightness
Photometers used were calibruted by the U. S. Bucresu of Standards
before and after the mensurements wers msde. The Luckiesh-Taylor
Brightnass Photometers wers calibrated by the Nela Park Laborstory
of the Genersl Electiric Company.

The original dsts were plotted on large scsle and s smooth
curve was drawn. This basic curve was fouad to be in good sgree-
ment wih fractionsl curves published in the sciencific litersture
by Jones snd Condit' sod others.

The basic curve (fig. 1) gives the aversge illumination falling
on & fully exposed hotizontsl plane in sir st sea level, a3 2 function
of the sun's slticude. The sversge values from which the basic curve
was constructed were based upon s grest nuinber of so-<called
perfeccly clear days which, of necessiry, could not be defined in
precise terms a3 to their light-absorption and light-scattering proper-
ues. Consaquently the basic curve is bssed upon data which had
variations of probably five to ten peccent due to differences in the
stmosphere slone. Likewise the G. E. illumi s s0d pb
sters used contmin cercain limications. so that che meter resdings
cannot be considered more sccurste than two significant figures.
Against this it should b noted that the basic curve itself smoothed
out much of the insccurncy arising from the two factors just men-
tioned and siso the finsl curves provided a basis for sdditionsi
corrections. The resultant basic cueve, a3 presanted, is considered
to be a ressonsbly sccurste scatement of the light swendant oa
“clear” conditions. A combiastion of diflerences in hsie, disance
of the esrth from the sun, sun spous, snd other lesser faciors alwo-
gether should not make more than s 10 par cent varisrion from
the values plotted on the basic curve. Table | gives values of svarage
sllumination in footcaodles correspooding (o points on the basic
curva. Vajues sre tsbulsted for each degree of alurude of sua from
~90° to —21° and from 65° 10 90°, sad for esch tenth of s degree
from —20° t0 G4”. In most casas, the velues given sre representative
of the internsl precision indicated, however, in the lowest levels
of illuminstion (below 3 < 10-°,* when the 1uo is 19.3° or more
belows the horizon) thres significant figures are noc justibed by the
dsca. Likewise, sbove 1000 fc (9.9° solar altitude and above) the
value of illuminstion is considered significsat (0 no more than
three figures, elthough four sre occasinnslly givan in the 1sble.
Actuslly, the valuet given in che (sble ware aken from a minute
reading of the basic curve, grestly enlerged in scale, and present a
truet picture of the curve than could be made by stesighbe interpols-
tion of the 1sble had only two or three figures been given.

CONSTRUCTION OF PLATES

Preliminary 1« drawing the curves oa the 43 plates, tables
were made of the sun’s alticude for every 20 minuces of time, for
each 2 degrees of declinstion from 0 to 23V4 degress inclusive, sod
for every S-degree ioterva) of laticude from pole o pole. These
calculations and plots were preciss to within & seconds of tirpe
and 6 minuces of src for solar sltirude and 6 mi of arc foe
Istitude. To the 34,632 values of altirude, correspoading illumiostion
values were tabulared and plotted.*® Heocs, the curves sppaariog ia
the pistes sre 3 more precise index of solsr alticude a3 s fuaction of
time and place than they are for illumination srtendant oo those aiti-
tudes. It follows thet, whether or oot we scoepe the precision of light
values Gnally ssigned 0 the besic curve snd 1o mble 1, we csn use
the illumiastion curve for & given date, time, and place 00 say sp-
propriate plate to devermios tbe solar sltirude. Or, given s lar
slticude sc s place, the precise time of occurrence of thac solac slti-
tude can be resd on 20y of the appropriae places. We cannot sy,
with the sama degree of precision, that for & given time sod place
the illumiastion will be such aod such.

1L A Joom enad H. K Coadit “Syalight and Skylight as Dewrmiasnn
of Phowgrephic Exposure. | — Luminous Dessity s Dwwermiosd by Solar
Allirude cod Atmospberic Conditions” Opticel Seciety #] Amevica Jowrnd
vol 38 oo 2, February 1948, p. 139.
®for the cosveniency of thow oot familiar with (he couvendos of
negative powen, we include ¢ brisf expl 5 X 10~ menas 3 X 1/(10)%,
or § X 1/100,000, oc 0.0000%; likewiss, 2 X 10-? equalt 0.02. The lim of
squivelest velem below should prove belpiul
1 X100 10
1x10='xz0l
1 x10-? =001
1 x 10-% = 0.001
1 X 10-¢ = 0.0001
1 X 10— x 600001
*¢ The alcalations, abulstions, aod plon werc done uoder the disect
mpervisios of Ms. Robart Ssedbarg. The fiaal curves were drawo and iaked
by Mr. Heary Everen

- 13 of time cvoventions are used in the world today.
Dugities bave 00 docks sod messure or etimste tims
t. the sun eod scars. Seudi Arsbia keeps run time sod seus clocks
each dsy et sunsdows. Most couptries keep ons time throughout
tbeir domasin. lo s0ma coustries clock time spproxirmstes suo time
but io otber cvuntries thers srs scens in which clocks differ from
the sua time by sa bour or @ore. Since the charts in this book are
based on true sun time. some explanstion is oecessary. In the United
Scates, ciock time sad sun time cso differ as much as two hours,

alibough tbe sversge diffarence is much less.
Beiefly, tbe converion of clock time 1o local appsrent time

io tbe United Ststes 13 made a3 follows:

Sundard timt plus 4 mioutes per degres that a place is eant
of iu inoe meridisn equsls mems solse time,

ot

Stsodard time minus 4 micutes per degres that a place is went
of its ooe mendinn equals mesm solar imae.

Meso solar titne plus equation of time® equals local sppareac
time (true sun time).

Daylight saving time (when ic is in eflect) minus | hour equals
ssodsrd time.

® Equation of ime may be either 8 posive of negetive quencity. The
quantity thouid be added algebrecailly, 1 ¢, unng ihe spproprsie siga.
{3e¢ sextion uded Equsnon of Time.;



International Time Zone System

Tbe laceroations]l Time Zooe Syseem is o very regulsr symem
Is ideg] £5r use st 100 sod io the ev. Heoce it is wed by osvi-
.5 snd gsutics! escrooomers the world over. This ides! sywem
los the emrth's surface into Cwenty-four mooes. Pach 200e it
sgrecy wide (from 23t to west) sad extends from the North
0 the South Pole. The north-south ceater line of each 008
lled the inmroations! moe meridiso of thac 200e. The loter-

Standari Time

Scodard time is the same as internationsl time a¢ sus sad in the
sir bacause, for puspomss of mavigation, the two sers of suaes and
their respective meridisas bave besn made identical. However,
other waodard time z00e are used for taad aress or aress containiog
groups of islands, which are oftea very irregulsr in site and shrya.
As & result of the irregulsticy, the tire-reference meridian selected
foe 2 [aod ares is often & meridian other than thet desigasced for the

onl Time Zoas Sywem, as defined by internasional
own ig tabls 2,

The fact that there are ocher kinds of time 200es snd otber
to0e meridians used on lemd which are not aluays the seme
e regulsc international time rones and meridisn: used st see

v leady co s0me coalusion. We shall attempt (o clarify this issua.

Lol G

TABLE 2. lateromions| (ime 10nes.

Zooe
Wenern Eastern
Boundery  Bouodary Zooe Hour Letter
("long ) (*Long.) | Mersdisa Detigaston  Desigosuon
Ty w 19E Zeso Zeto z
*SE 118 15E -1 A
s 3 30 -1 B
FIR ) $2.9 4 -} (o
s 679 &0 -4 D
67 823 7S -3 | S
813 9.3 0 -6 F
s nws 109 -7 ]
112 127.% 120 -8 H
1 142.5 138 -9 1
AR 14°% 130 -10 X
1378 1725 E 165 E -1 L
-1 M
"9 E 1729 W 180 snd and
+11° Ye
18w 1379 W 165 W +1t X
1178 142.9 140 +19 w
1423 1273 133 -3 v
[RaR ] 1y 120 -8 U
12y 974 10% -7 T
PR} 82.% 90 -0 s
s [ ] =$ -3 R
679 329 (<] -4 Q
52.% 3T 43 +3 P
3 223 30 +1 o
s -3 13 -1 N

* The muoe porion of the 190° meridion marks the Internacionsl
Due Line dividing the normal 13° wide rone 010 two peris
both heving the seme hour Dut haviag diferent dates Wen of
180 11 will be OO44 hours Tuesday »hile easc of 183« will be
OGdq hours Monday. Esch of these semi-sones hes o ietier devig-
neson 86d an hour designanion of s own: the hail wesrward
of the 180" mendian s M and =12, the hell eascwerd of the
180* mendisn o Y and 412 The number dessgneton 14 s tone
sdded sigebraically (0 the sone time gives the Greenwich Standard
Time thme in 20ne 21, (or example: When 1t i3 0100 hours
i1 A.M0 o gone Y on Sscurday. 14 August it 13 0100 plys 12
ot 1300 hours 1n the £ rone Ssturday, 14 Augurt. At the 1ame
nyant ot 13 0100 hours in zone M Sundsy, 13 August, then 0100
hours Sundsy in 20ne M minus 12 hours slso equals 1300 hours
Satyrdey in Zone T

1n ordes to 8+0id cutting theaugh sny lend sres, the Incer-
nwonal Dste Line, thae common boundsry, does not slways
tollow the 180" merdian and is. therelore. no: entirely tegular
Hydrographk Office Chaet 3191, slthough not required refecence
for use sih ke [llyminguon Charts, can be sery helpi=l. be
touss 10 explains the ume 20ne¢ sitem sad shews (he many
itregular shapes of the 10nes throughout the world.

X

ioverosriooal tiowe rose io which the land ares lies Furthermare, the
standard or legal time used in some councries bas been besed on
the legs! or standard time of a oeighboring country rather thsn
oo its own central meridian. la such cases, the standard meridian
for a country may lie ouuide the country slcogether.

In the United States there are four smndard time areas. Each
ares, sithough very irregular in size and shape, uses the internsational
100e maridisn for its standsrd time meridian (6g. 2) and most of
each ares lies withia one of the internscionsl zones. The standard
tiroe zone menidians in the United States are:

For Eastern Standard Time the standsrd meridian is 75° W. longirude

For Ceatrsl Standard Time the standard meriding is 90° W. loagirude

For Mounain Standard Time the standard meridisa is 195° W,
loagitude

For Pacific Stodard Time the standard meridiaa is 120°W. longitude

VCARDIAD Tast LOR{ (1RA(Ha 48 Y Seaty)

¥

Figure 2. Tice rones.

Since the U.S. standard time roeridisns sre 19 degrees apact, “he
sun Crosses successive meridisns 9n successive hours. That is, the
sun resches its high-noon position at one merid-sn sfter another,
taking G0 minutes of tume to get from one standard zone meridian
to the next one 1o westward. Hence, sl of the clocks in the Centeal
Standard Time acea wiil read. say 5, while the clocks in the Eastern
Standsed Time ares read 6 {one hour more), sand che ciocks in
the Mountaia Standard Time sares read 4 (one hour less).

Correction for Longitude

Maay of the standard time rones of the world, including three
of the four in the United States, are more than 15° wide, so that
it takes the sun over an hour 10 cross esch of these ones. Since all
of the clocks in any one zone of sres keep the same time, one can
see that only a smsll percentage of the clocks keep mean sun time.
In the L. 5. only the clocks on the standsrd cime zone meridians
keep mean sun time. On rhese particular meridians international
z0ne time, standard cime, and mean sun time are sll alike. In each
standard time area or zone, clocks to the east are slow. or behind,
mean sun time and clocks to the west are fast, or ahead of, mesn
sun tume, because when the sun sppears (o riwe 1o the people Living
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on the time sowe meridisa, ic bas slrwady bees up some time to
the people sast of the meridian aod it will be some tiem o come
the suo risems for the people who live west of the maridiso-
For cach degres of loagitude that s place is eam of the s00e merid-
ian, the meso solar time is four mioures more than the clock. For
esch degres s place is wemt of the ooe meridiaa, the meag wlar
titne is 4 minutes slower than the clock.

For example: Chatham, Massmchusetts, snd Philsdelphis snd
Pitburgh, Penasyivania, all lie in the same standard time wane.
Their clocks all keep Eamneen Scandard Time. The Eastern Stsadard
Time zo0e meridian is 75° 7. Wnagirude. The spproximace loagi-
rudes of the cities and corresponding cimer at one given instunt
when v.i the clocks read 10, ace as follows:

]

Sun
Clock (mesn solar
— (EST) time)
Cac .bam, Mass. 70° W 1000 houns 1020 hours
I'hi-sdelphis, Pa. 75° W 1000 hours 1000 houry
rivburgh, Pe. 80° W 1000 houns 0940 houny

ITbe 4 minums of tine per degree of longitude comes about
i the following way: thy rotation of the esrth on iy polar axis
is vozipleted approximately ooce every 24 bours The spperent
covri, of the sua sround the earth ax a8 whole — oot sround che
bonizen, but around the earth -—is 360° ia 24 hours, which i3 1%°
pec ke ur, or 1° every 4 miauter Hence the sun travels relscively
i uen esst 10 west scross the eacth’s surface 1° of longitude every
4 mn;tes of cime.

tiquation of Time

Ul-ak-tima schedules assume chat (1) ever, dev starts che
moma: ¢ sfter midoight, with the sun at its lowest poiac, (2} the sun
muves - ith peefect regularity sround the sky every day of the year,
(1) the sun recches the highest point in the sky st noon each day by
the clock, and (4) every dsy bhas 24 hours of equal length. Actuasily,
mosc of these assumptions sre noc quite true. During the course
of & year's time, the sun goes through four pheses. two of slowing
down and cwo of speeding up. As » result of this ircegularity, rhe
perfect sun time schedule suflers. The wrdiness accumulstes day
after day st one season, o thac the true sun is nearly 14 minutes
behind its average schedule before it gets back to normal. Then ic
gets ahesd by about four minutes, then behind by six, then ahead
aguin by s bit over 16 minutes. Consequently, a perfectly regular
clock, locsted on one of the tiine-zone meridians, will keep mean
solar time, but this will d:ffec feom ceue solar time by any amoun:
up to 16 minutes during the course of a yest.

As stated previously, the sverage or mesn sun schedule gives
mesn solar time, sod Most time z0nes use the mean solar time of
the zoae mcridiaas for their tone time. To adjust for the ircegu-
istity io the sun’s sbedcle, 8 number of minutes, knowan as the
equanioo of time, is inaoduced. By defnition, the equacion of ame
is that qusotity which, whben added sigebraically 1o mean solar
time. wili give true solar ume. This quantity chsnges frora day
to day and may be either negsrive or positive. When the sun iy
shead of its sverage schedule, the equation of time is poniave;
when the sun iy behiad its average schedule, the equation of <ime
is negative. Vslues for & mean year may be read from the sppropaiace
curve in figure 3. Values ore precise for any given year and hout
mav be obiained froin the current 1ssue of the American Nautical
Almanac compiled snd published by the U.S. Naval Observacory,
Washingron, D C.
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ILLUMINATION IN FOOTCANDLES !
CORRESPONDING TO THE SUNS ALTITUDE

{ angles of solar depression ore i 3ted us neqative aititudes )
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DECLINATION

The position of tbe sarth in its orbit around the ma, sad the
resultiog position of the earth’s atis with relation o the sun, cootrol
decliostion, which is red o9 the ber of degrees the earth’s
azis departs from s plane chat is normal o the sun's direct rays.
As shawo ia figure 4, oo 21 March sad 23 Seprember the esrch’s
axis is in & plaoe pormal to the sua’s rsys On these rwo dates the
declinstion it, tberefore, zero. As the earth swiags sloog its orbit
aftcr each of these dates, tbe azis declioes progremively, so that
on 21 Juos aod 21 December mazimwum declinstions of 23.43° are
resched.

When the North Pole inclines cowsrd the sua, tha declinstion
is porth sod is iodicated as $ (foc SAME) oo figure 3 and oo the
charts. Whea the South Pole ioclioes wwurd the sun, the declios-
tiou is south and is iodicared as € (for CONTRARY). Whea the
declioation is the SAME a3 the latitude in ooe benispbers, it is
CONTRARY io the other. Summer occurs when the declipation
sod listicude are the SAME; wiater occurs when the declinstion is
CONTRARY o the latitude.

CECLMATION O

Figure 4. Eard's orbit arouod san, showing positions of mazimum sod
ainimum decliosuon.

DEFINITIONS

MERIDIAN: Tbe meridian of a place is tbe upper branch of s
great circle of the curth, oamely the semi<circle which joins the
poles 10d passes through the place. lo simplest terms, it is merely
the nortb-soutb line that passes through agy plscs oa the earth’s
surfsce.

PRIME MERIDIAN: The oortb-south lioe pamicg through the
Roya: Observatory at Greeawich, Eogland. It is used as the 0°
meridiso of loogicude and as the basic meridisn for reckooing
interostionsal 200e time.

INTERNATIONAL TIME ZONE MERIDIANS: The 24 meridinns
from 0° to 180° loogitude, botb east sod west inclusive, in even
multiples of 15°.

STANDARD TIME ZONE MERIDIANS: 1be slected meridisa of
20 ares, generally s laod ares or the srea closely sirroundiog &
group of islands, which meridisa estsblisbes the suandard time (clock
tirne) for that ares,

\ aA
AeLJ

INTERNATIONAL ZONE TIME: Time reckoosd from the inter-
oational zne metidien for thet 200e; or time reckooed fren the
priroe mendisa snd the rooe boue difervoce. loternationsl zove
tune sod wandard tone time wre the mme wheo boch are applies
t0 one of \le 24 regular international time zooes (see revious dis-
cussion sad oble 2).

STANDARD TIME: Time reckooed from soy sslected meridiag;
it is geoerally the legal time to which ef} clocks throughout sa
srea conform. Standerd time is the same 83 interostional tooe tiupe
when toe selected smodard zone meridian is one of the internacionsl
time tone meridians sokl the stapdarzd 0oe boundaries wre the same
ss the iacernsvions! time zoue boundaries of the particulas zooe.

TRUE SUN TIME: True sun time and appareat sun time sre the
same thiog — the rime indicated by tbe motioo of the sua exch
dsy. The sun time at ¢ given place is called local sppareat time,
which is the time measured by a simple sun disl

LOCAL APPARENT NOON: The iostaot the sun crosses the merid-
iso of a place. Ac that insmnc the sun rescbes its bigbest poiot in
the sky oa say givea dsy.

MEAN SOLAR TIME: Tbe aversge or mean tima of the true sua;
io otber words, true sup time minus the equation of time.

EQUATION OF TIME: The sumber of migutes of difference be
tween the true sun schedule and the aversge sun schedule which,
wheo added sigebraically 0 mesn solar time, will give uue sun
time. The curve of the equstion of time (fig. 3) was derived from
s table compiled by the U. 5. Nevaj Obwervacory.

DAYLIGHT SAVING TIME: Zooe tune plus 1 bour.

HOURS: Hours in this Yook are couoted in ooe secies from 0 to 24,
begianing with midoighbt, instesd of being counted in rwo 12-bour
series, ooe each for o m. aod p. m. Heoce, 11:24 o m. is written 1124,
ot 1124 bours; 1:36 p. m is written 1336, or 1336 boun.

LONGITUDE: The loogitude of s place is iu sogular disance
east or west of the prime meridian, i ¢, east of west of lnogirude 0°

LATITUDE: The laticude of a place s ia sagulsr distauce oonb
or south of the equator. The equacor is 0° latirude.

DECLINATION: The oumber of degrees the eanth’s polar axis
deparu from 2 plaoe that is st right sngles o the rays of the sun.

DIURNAL: The appareat daily circulur path of the sun as seen
from aoy giveu place on earth.

INTERNATIONAL CANDLE, formesly called the British Scandard
Caodle, the flame of wLich, burning under certaio ~ooditions, coo-
sumes 120 grains of spermaceti per bour. This candle is s common
unis of light-giviog power.® An ordinary ullow csodle produces

®“Tde orw caodle or caodels (sdopted io Grenc Britn aod io the
U.S. o0 1 January 1948) is defioed as h of the | Y
of ooe squars ceoumever of e rurface of & black body [Light radistor])
ata P ¢ of fi ing pl and s lase thes (wo perceot lower
thas the isternationsl caodle™

IW.LK Middieon View Throwgh she Aimespbere Usivermey of
Toroaw Prem, 1932
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ILLUMINATION s the effect produced when tbe lumicous ensrgy
we call lighe falls upoo s receiving surfece.

ONE FOOT CANDLE (f¢) is the lumioous cnsrgy recsived oo any
part of & surface per usic of time, whey the surface 4 normal w
204 cos foot distast from s light power source of ooe ioterasticaal
candle. 1o tbis book the foox csndle usits given oo the plaes refer
w the ilumisaing effoct of sarurei illuminstion recwived oo 8
fully expossd berisomsal surface (6g. 9).

CIVIL TWILIGHT: Ilumination, iod deot of tbe mooe, which
ranges on aversge cless sighcy from @ fc w 3.16 X 10°! fc, when
the ceoter of the sn's disc renges from —0.8° 10 =6,

NAUTICAL TWILIGHT: lllumiostion, | ¢« of the moon,
which moges oo aversge clear oights berween 42 fc s0d 7.7 X 10—
{c when cbe cencer of tbe sun's disc is berweso —0.8° and —12°.

ASTRONOMICAL TWILIGHT: Hlumiostion, indepeodent of the
mooo, vbich taoges on averige cleer nighu between 42 fc eod
6.05 . 10-* fc, whey the ceater of tbe wun's dix is becwees —0.8*
wd —18°

llnn 9. Deri
san of illumissuon. l! P, wd
poinu on e isser miface of 8 sectioe
m of 1-foot redivs ead are
1 lrom o ssademd candle ot the
o! e he luminous eoergy per uwou
tipe sod Pet vait e recerved 81 esch potal
is 1 loowandls.

ILLUMINATION LEVELS

Nasursl illuminstion oc the esrth’s sutface for clenr days sod
oights exteods coughly from 11,300 fe to0 3 XX 10~* fc.o®

e
ol 4
r
3

Duylight properly exteods from the time of suatise to sunset,
esch of which gives us 42 (¢, through the teoith sun, which ever.
ages rougbly 11,500 fc

Sunrise and Sumies are, by definition, the iostant wheo the top
ot “upper limb" of the 3ua's disc appesrs oo the hotizoo. Siace the
charts are based on the (rue potitioo of the ceater of *he suo's disc,
sa sllowsace of 16 aioutes of src has bees made for the sngle
betweso tbe upper limb aod the ceower of tbe sun’s diw, sad an
sllowance of 34 mioucss of sec has beeo made (0 coinpensste for
refractioo, which causer the upper limb o eppeer above 10 trus
position. Thus, & totsl of —30 miautes of arc, o1 ~0.8° soler alti-
tude, marks the true poritioo of the center of the sun's disc st the
instent of sunrise or sunset. From table 1 or Aigu:¢ 6, the illuminatica
corrsspondiog (0 —0.8° 13 found 10 he 42 fc.

h-11

Tuwilight lavels bave beso defined io this book 82 thows light
intansities sccompanyiog the reages ia the mo's depremion which
defios the chres twilight sonss. The uppes limic of all theee 0069
is sunrise or sunset, for which the solas depremsion of the sun (the
center of the sua's disc) is 0.8°. The low Limit of solar depression
foe civil rwilighe is 6° (~6° sltirude). The low limit of solsr de-
premioa for sautical cwilight is 12° (—12° altitude). The law limit
of depremioa for icsl twilight is 18° (—18° skitude).

Moonlight may arbitrarily by coasideced from the condition
wheo the qusrier mooa is approximstaly *1° sbove the horizon o
the oodition wheo the full mooe is st < waich This gives us
s reoge berween 1 X 1075 sod 3.4 X 107" fc

Starlighs is. properly speakiog, the moge io light levels berwees
3 X 10-¢ sod sbout 1 X 10-* f¢, altbough some sars oc planets car,
{roquectly be seen right up to the point of marise.

Table 3 is & rough summary for reference.

TABLE 3.
Sunmary of illumiastion leveis. Sev also figure 6.

Sun's Alticede umasticn

Condition Limics (degrom) (be)
Deylight opper +9%0.0 11,5000
lower ~08 410
Twilighs
Cavid "pper —08 [}3]
lower —~&0 a.316
Neutical apper -048 410
lower -118 0.00077
Astrosomical opper -0s 410
fower -100 0.00006
Moculight wppet 90 (he!) maon) 00343
lower 11 (quarver moos) 0.001
Searlight pper ELY V001
loywes -9040 0000018

Supplementary lllumination Curves for
Cloud and Moonlight Conditions

The basic curve of illuminstion s 8 fusction of solar slticude
(6g. 1) gives velues for clest weather. indepeodeat of moonlight.
lo Ggure 6 the basic curve is reperied, labsled “voobscured sun,”
90d two auxilisry illumisstion cucves for aversge and exireme cloud
cooditions sre given for purposes of comperise.

Figure 6 also thows the illumisstion for vetivus phases and
slitudes of the mona, indepeodear of otber ) light sources
The scales sod uoits are tbe Mme as those givea for tbe sun.

Low Levels of llluminatien

Low levels of lllumination sre very Jifficult 10 visualire. Tuke,
for exampla, the low limit of asucics! rwilight. By defiaitioa, this

*% The values for il jos presupposs cless weather.
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light is wres of mooalight, ot us make s comparisos.

Saurlighe of § X 107 f¢ hquh‘hunc.hulud-thlm
s full owon which is spprozimestly 3 degrom sbove the borisos.
iowrasities of mooelight mey be alcuiated from the relscion
the light {rom the full moos, 3t 8 given sltinude, bears w0
u;hlmchmnth-uddmmmbhm.ﬂy
1,000,000,
l.m.m-.mamu-mmmmummmm-
giveo value of illumicstica. the p dure is es lallows: multiply
1he given value of illumioetion frocs the mooa by 1,000,000 divided
by!wnbuhchllghcvhhwwﬂwlmthmdm
same shituds. Theg, io wble 1, look up the sltirude for the mua
which gives thst illumisaticn. ‘This same sltirude spplies o full
moos which will sbed the given rslue of light. Tor example:

1L

-
8

Givea: so illumisstios value of 0.0008 fc Then

1,000,000 + 3 X 0.0008 = 267 fc. from uble 1, we find
chat solae slticude correspoadiog to 367 fc equals 3.
Heocs, tbe full mooe st altitude 3* will shed 0.0008 ic.

Aftar the sbove calculsting procedure wse esablished, curves
giving the illumiossico &3 8 f of lunes sltitudes were coo-
srucied sod arv shows oo figure 6. lo coomructiog these rough
curves, the ratio of 3 10 1,000,000 was used, together with tbe geaph
giveo by Rusell?

To give snother ides of what 0.0008 f¢ is liks, wo c2o sy that
this light obisins on the ground sround us when s moon whow
phase aogls is 32° (end which sppesrs 10 be slmoss (ull, 91.4 per
cunt) is 6° sbeve the borizon and the suo well below, roughly 44°.
Tbis cso be alculsied la s msonet similae w0 the sbove sad by
referance 10 Rusasll's curve, which showd that & mooa of phas
angle 38° shedi juss tall as much light as ¢ full mooe.

Alibough sversge steclighe is groenslly regarded u slightly
Jess thaa 0.001 fc. the quantity of 0.0008 {c is not ewily perceptible
s more than sverage starlight. 1t is, however, very much less than
we geoerslly think of as sversge mooolight. In the low levels of
illsminstion, even (be deek-adspred eye cannot distinguish berween
3 10-4 and B < 10°*, but it cun puscaive the difference in one
full log rycle, sey berween 3% 10-% and 3 X 10-*. Hence, one
fiy be sbie 10 perceive the diflacenca berweso low ssrlight st
3% 10-" aed 8 X 10-".

Oo mooaless nights the sky sod sare coattihute most of the
lumiascion incrient on e fully exposed hotizontsl sutfece when
the sun [s becween —-90° sod sbout —18.3*. These valuss, however.
ar0 10 low thet even 8 youag moon of phase sogle 120° gives 10
(e 18 much light whea it reucbes sa sititude of 227 as wsre snd
sky do without it. The mazimum illuminstion from chis young
moon is about 1.24 X 10° fc.

The moon that looks balf full — tbst ls, the moon that sppests
o1 ball o disc-- is called tha fiest of ibird quetter. Such a moun

is sis0 desciibed as baviog s pbase sogle of 90°. This moou beings
tha aight light into the astronomicsl twilight wne belore it reachas
10° sbove the horzon. At G3° it gives us sbout 3.4 X 1077 . its
msximum w0 sbout 4 X 107" fc.

A-12

The moon of phase sagle 60° (and appesiing sbout three-
quarcars full) gives us 8.3 X 10-? fc a1 63° sltitude. Full mooo.
phase sngle 0°, giver us abous 3 % 10-7 fc st 63° sltitude. The
aaxigrum illumiostios from s full moos st the ammith is spprozi-
mewly 3.49 X 10-? fc. It should be nowed thet wben the moon is
full (phase sngle sero) sod ocsly s few degreas sbuve the horizen,
tha sua is approximswly the wme few degrees balow the horison.
Twilight. becauss of small depremion angles of tbe sun, must be
aken iao sccouat when oae considers the light from sny low
eltitude of mooe whos phase sagle is smsll. The illumiastion
iodicuted on the ligh curves of bgure § is independeat of the
sua’s jofusnce sad should therefors be sdded 10 it whea mooalight
sod cwilight occur s¢ the sme time.

1t sbouid be kaps in mind that wbeo e spesk of illumination

falling oo s fully exposed bos'sooul surfsce st s giveo placs &
cbe level of illuminscioa, o &8 the light condition, we sre 00t
referring to the brightness of the sky. Actusily, whben tbe illumioa-
oo is 0.0008 fc by virtue of tbe time sod plscs 8 we bave been
discuming sod, tbarefore, the fuo is 12° below the horiwon, the
grestest perceptible differanca we detect it not io ths incressed
amount of light oo tbe ground of s arornd us buc in tbe visibly
brightet easero sky. 1o the “desd of pight” the suarlic sky oese
the bovisos ls rougbly 3 X 10-¢ fooc-lambert. By the time the
s gets o 12° below, the easero sky msy be 3 X 10°* {oot-lambery
oc mors. The brightening of (be mustere sky can be perceived locg
before $ ¥ 10-! footlambert is reschad and, thersfare, before rhe
sup gvs to —12°. Tor example, when thire s ¢ surface beze st
oo O¢ aven 8 fuir amount of @nisturs in tbe air, 8 lookout whose
oyes are well svlapud © tbe “dask of cight can distinguish s
clasrly perceptible orightsniog o (be easrwsrd, oesr ibe porizon,
wheo the suu is 18° to 21° below the borizoa. At such times the
illuminstion s ocaly 6 X 10°¢ © & % 1073 fc respectively, which
valuss are imperceptible from 3 X 10-* fc, but the eastera sky
brightoess bas increused quite percapubly.

Sunlight and Skylight

On sn sversge rlest dey wheo the totsl illumination Is, say.
ja tbe neighborhood of 7000 fc, roughly 1000 fc is toceived diffusely
{rom tbe sky sod 6000 fc directly from the sun. However, as the
sky becornes completsly overcast, with the illuminativa level drop-
ping. sy, t0 4000 Ic, ibis light may be eongidersd sualight enurely.
Oo the othet bsnd, oo extremaly clens. dry days the retios of suolight
1o skylight of 10 o 1 of of 12 10 | are 0ot uocommoo. Likewis,
a8 008 ascweds from ses lavel (the place for wbich the figuces in tbis
book spply) 1o Ligher sod bigher alticuder tbe mtio of sualight
to skylight iocresass markedly. Completa Ggures ars DOt y&t sveil-
sple. but 00e messurernant msde e 19,000 feet on & cless dsy
sbowed the ratio of tbe sualight t0 the skyligbt {slling oo & bori-
soawl plans w be spprozimately 13 1o L.

S$HLN. Rumell “Mellss plogsiveda of $uo, Moon, sad Plissu™ Aiiro-
phyrisa Joarnal vel. 43, Maich 1916, p. 117,
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SOME RULES FOR CALCULATING THE MAXIMUM
AND MINIMUM ALTITUDE OF THE SUN

Outside of the copics, the declicstion caannt exceed sumar
ially the lstitude. Therefore, the matimum or misimum mwiar
sltirude for say given dey sod gives latitude of more han 23.5°
o be aalaulared very simply we follows:

RULE 1. Maxzimum soles sititude equals 90° mious latirude plus
declioation for acom of that dsy.

RULE 2. Miai solar slticud Is —90° plus lsticude plue
-‘_Il i ‘u Ldaiad. dM*'

Exampls 1. Giveo: 32° N latirude; 21 May; declinacion 20° §.
Maxi wias eiticude =90 — 31 +20=T78°

Example 2. Given: 32° N laticude; 21 May: declination 20° §.
Miocimum solar ajticude = —90 4 32 4 20 = —38°

luside the wropics the declination mey d the lacirode nod
have the mme sign § of coouury sgn C

RULE 3. When declination $ excends the latitude, maxireum ald-

tude equals 90° plus latirude mious declioatics $.
RULE 4. Whnbwbdtdmnunduumdam&bem'bn‘m
the decliostion ocs lstirude oc not, misi

oquals —90° plus lsditude plus declioath

RULE 5. When the decliostioo is cootrary to the humda. vmhn
it exceeds the laticude or oot, i q
90° mious the laticude mious the declicstion.

RULE 6. Whea the declination exceuds the Laticude, with declins-
too €, tbe misimusa altirude oquals ~90° miour the
Iatirude plus the declination,

Example 3. Declination mme, excending the hticude.
Given: 13° N lstirude; declioation 20° 8.
Masimum solss eittude = 90 4 15 = 20 = 83%°

Exsmple 4. Decliostios mme.
Given: 15° N laticude; decliostioo 20° 9
Misimum solsr altirude = —90 4 13 4 20 = —35*

Example 3. Declinacioa contrary to laticude.
Given: 15° N latitude; ducliostion 20° €
Maximwn wolar sltitude = 90 — 19 — 20 = §5*

Exsapls 6. Decliastion cootrasy to sod exconding tbe iscitude.
Giveg: 13° N laticude; declinstion 20° C
Migiowum solsr altitude = —90 — 15 4 20 = ~—8%°

luminstioo values correspooding w i snd mi

solar slticudes can be found in nbh 1, thus giviog the extreme
ligbt moge [o¢ soy day st soy placs quite ewsily. For exampla, let
us take the midsummer day with dacliastion 23.3° $ for four places.
(See table 4 below.)

TABLE & Maxioum and minimum solar alticudes ssd illumise-
tico levels o midsummer.

IUsanimacion
Placs Solas Alusude (dagrew) [15]

MNerth Pola (90°N) Max = 90 —90 + 23.9° = 1).9° 3148

Mis = ~90 +90 423.3° = 313.9° 3148

Laticude 75°N Maz =90 —73 4 23.9 = MV 9930

Minz =90 + 73 + 239 = 83° 23

Lsdrude 40°N Mag 2 90 —40 4+ 233 < 73.5° 10,760
Mia = —90 + 40 + 23.9 = ~24%° 3.9 x 10-%

Lqustor (0°N) Maz =90 40— 239 = 663" 10,150
Mis = —90 + 0 4 23.5 = —66%° 18 X 10-¢

GENERAL PROCEDURE FOR USE OF THE CHARYS
To find the light valus for say given time sod place:

1. Look up the latirude and Logirude of the plece from s mep
or chare.

1 Look up declioation sod the equation of time for be dase
i6 question (from &g 3).

3. Coovert sandard time (aiso calied clock tima) o local
spparent time (slso called wue sup time), making coerection
for bocts loogitude sod equation of time as exp'sioed sbove.

4. Select the placs for the latirude in questios sod, usiog the
oppropriats decliostion Curve, resd (be ilumisstion cor-
respoodiog 0 the locrl spparent tme; or, sslect the plate
for the spproprisis declinetioo aad, co the bour curve for
the local apparent time, read the illuminstion value corre-
spoadiog to the gives letirude

Tbe chars are cooxructed to show the illumioation correspood-
ing to tbe altirude of the trus sun st s given locslity. Io place of
s mlar sititude scale, bowever, we have provided so bour scale
sod called it local appareet time. Since ooly suo disls mearurs local

PP e, it b y to convert clock tume to loal
spparect time before enteriog the charts 0 fod the illumiastion.

The Lstitude Saries of plstes (1 through 17) presents mesa
illumipstion velues throughout the yewr st individusi lstirudes.
Esch plews in this seties sppliss to 8 given latitude s# shows in
tbe large oumersl st the upper tight corner of the plate. Each place
cootains 8 family of curves, each curve represeotiog o given day of
2oy year wheo the decliostion of the sua is as iodicated on the curve.
Curves sre masked with 12°C, 6°$, 0°, 6° €, 12° C, e, 0 indicnte
declination SAME or decliastion CONTRARY. 1o this Laticude Serics
the iljumination is plosted contiouously as s fuoction of time from
midaight 10 0ooa end spplies cooversely from nooa to midaight as
indicated on the time scale.
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Example 1

The simplest example for finding the illuminatioa is oos which
nesds oo tipe correctrioa or iomrpolatioa

PROBLEM: Pind the ovevege illamsination from swe asd ihy inci-
domt on o fulls exposed, spivwreed ploss 1ovfece & o
givom place and time.

Given: Place, 73° wea loogirude
40° norh latitude
Time, 0900, 15 April

1. Look up dectinstion (fig. 3): Approximately 10’ sorth.

1. Look up equstion of time (6g. 3): 0.

3. Siowe the loogirude of tbis place is in the center of tde time
w08, (00 the 1:00¢ meridiss) there is 00 nesd w0 mrrect from woe
(clock) time to mesn sug time — io this case they are the mame.

4. Since for the given dats the equatica of time is mro, there
is 0o cesd o correct (oc irregulersity io the suo's khedule.

3. 1t is nscessary, therefore, oaly tn refer o the curve for-10°
declination, latitude SAML (plate 29), and oo where the 0900-bour
curve cromes the €0° laticods lioe. The value of illuminstion, as
81ve0 io tbe vestical scale st the side of the chart. is 6.1 X 10* or
6100 fe. Or, we could find the same thing oo the chan for latirude
40° (plate 7) by using the 10° § dexlination curve exwoded (o by
iaterpolstiog between the 6° aod 12° declioation curves) where it
crosses the 0900-bous lioe. In either cam the illumioation may be
resd as spprozimately 6100 ic

Example 2
Prequastly it is desirsble © get caly & rough saswer 10 &
quantion.

PROBLEM: Whw it tbe illcminstivn ot Wabiagion, D.C. &
1000 bowrs EST om 11 Augnst.

1. From s mep Washiogton's lacitude is ssen to be rougbly
oarch,

2. From fgure 3, the declioation for 11 August is ssen o be
roughly 15° norch (thet is, 15° SAME s latitude).

3. Rafer w place 7 (latiruds 40°). The two oesrest apprepriste
declinstion curves that crom the 10 o'clock lios are 12° $ and 235 8.
By iospection, e {ljumiostion is seen to be roughly becween 3000
sod 9000 fc

4. A sscood timple spprosch is possible. Look up the chan for
14° declioation, lssitude SAME (placs 33). The 1000-hour curve
cromes ths 40° Jstirude Jine st roughly 8500 fc Plate 35 (declios-
tion 16° latirude SAMS) shows rougbly 8700 fc lumiossion for 15°
would thea be roughly 8600 fc

la the foregoiog solutioos w ple 7, E Saaodard Time
oaly was used. This procedwuse is oot very accurste since the EST
008 cOvers too broad an ares o be in kespiog with the sverege
movement of the sun relstive to tue borizon. It is bevter 10 coerect
Eastern Smodard Time for loagirude st the given place sod for
the irregularities io the rua’s sverage schedule and find s more
sccurses solution, us follows.

1. Look up lstirude aod loagicude o che pewrex degres for
Washingewoa, D. C: 39°N, T7°'W.

1. Determioe declination to ths osaren teoth of o degree (fig. 3):
15.3° sonh

3. Look up equation of time for 11 Augus to tbe oearest mio-
ute (6. 3): —% mioutes

£ Compute longitude correction for tme diffarvnce to coovert
EST ™ mesa solar time at Washingwe, D. C

T1°* W = (loagitude of Wasbiagwa, D. ()
73° W = (loagitude of EST 200e¢ meridias)
2.

4 miouces per degres

8 wminutes of time

1000 bhoury EST
—8 mioutes (subtrsct becsuse Washiogtoo is west of 1000
mecidisn)
0932 bourn @ess wlac time st Washingron, D. C
$. Cortrect for itreguler sun schaduis by cooventiog meso solas
time o true suo tme for the day in question, 11 August
0952 bours mess wolar time
~—3 mioutes equation of time for 11 Augux
0947 boun wue ma time

6. The chart for 14° ducliostioo, laticuds SAME (place 33),
sbows illuminstion values as follows:

£0°

8400 fc st 1000 bours

6700 fc st 0900 bowss

1700 fc differencs. By interpolation (47/60 X 1700) 4 6700,
we artive st 8030 fc for 0947 hours, declinstion 14°.
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7. Piaee 33, the chart for 16° decligation, letiende SAME, gives
illomiastion veluss se follows:

2700 fc ot 1000 boun

7000 fc s 0500 hours

1700 fc diffarence
Agric by ismrpolacias we calculats $330 L for 0947 hours, dacliss.
tios 16° lstirude SAML

8. However, 15.3° i the sccursts sversge deciloation for 11
Auguss; thersfors

15.3 - 14
[( 6 — 14 )xmso 0030)]+|05°_l219!¢

The difference berweso 8600 tc, obwuined by the firm rough
animaen, and the 8233 (c obulosd by the @ore sccursts procadure
is a0t signifoant — 4 per ceos o this case. However, in many other
cases the diff of 13 mi of time will make » big difference
in illuminstioa. A¢ this mms lstirude sod decliostion st an esrlier
bous, my ercued 0600 bours, 13 misums would maks the sigeificaat
diffsrence berwesa 700 fc and (1LO0 fc Jox before 0300 bours chers
would be an even more nociosable differencs of betwesn 4 f¢ sod
3 e

1¢ is fust 92 well, terefore, to ioepect the curves before acceptiog
lmﬂuﬂﬂnvwmyho‘byslmnlwmmmm
ocber bund. inspection of eitber oos of the plates, 33 or 33, will
sbow thas thers (s & very linls differsnce berwesn the Ulumicaticn
for 40° latitude aod that for 39° letitude around 10 ¢'clock. Plats 7
shows aa eveo slighter iocr in ilumiostion between 19° sod
15.3° decliostioa. Haucs, the refnement is reuily & weste of cime
io this ceen

Example 3

PROBLEM: Find the light solus a8 0340 bours Pacific Standord
Time, on |6 June at Sem Diago, Calijornia

1. Sao Diego: Laticuds 32.7° N; Loogicuds 117.3° W.
2. Declioasioa oa 16 Juee: 23° porth.

3. Equatioa of time 0o 16 June: —1 miaute.

4. Coavert mandard time to local spparent 11me.

0340 bours PST
—1 mioute (squecioo of tims)

—

03 bours
130° 2008 meridiss
117.3° Saa Diago loagitude
7

2.7* X 4 mioutes per degres = 11 mioutes.

Sioca San Disge is sast of the 30ae meridian, the tims will be later,

scoordiog w0 the sma, st Sen Disgo, thas a: the s00e meridisa

mMMllmﬁuhdMMhmnmcdm
be

039 4 11 = 0330 boun.

. Usiog the 30° latitode chart (plate $) sslect the declinstion
mmkht 23.5° S, which gives, for 0330, illumisstioa of 3.7 X
16-¢

€. Usiag the 33" latitude chars (place 6), rend from the 2).5° S
curve the illuminacion velus for 0350, which is 3.8 X 10-* fe

7. By grephic lomrpolatioo, aalcular the illuminacioo foc lati-
cude 32°* snd cime 0330, as 8 X 10~* fc, or 0.0008 fc.

§. As a check, use the 23.5° decliostion chary, latitude SAME
(plase 43). The 0300 curve st 32.7° laticude gives $ X 10~* fc. The
0400 curve givas § X 10~ ¢, By iaterpolaticn, wo alculsws tbe illumi-

antjon for 0330 ez 327° w be 8 X 10~ or Q.0008 fc.

By refersoc 0 wable 1, we fiod the mlar slticuds for
8 X 10~ fc is spproxicmenly —12°, that is, sbout i2° below the
boriscs. This by definition, is the beginaing of asutical cwilighe.
For mote exweasive discussion of low levels of illumination, see page
s.

Exomple 4

PROBLEM: Find 1he average valss of the netwal llumiession
1hes obsains a1 0600 bowrs in Poechow, Chins, omw 25
Deovombor.

1. Look up the spproximets lasicude aad loogirude of Foocbow
(Poxchow is 00w also called Miabow). Latirude, 26° N. Loogirude,
119.23° B

3. Froas Ggure 3 the squation of time for 25 Decamber is found
10 be orgligible, sod declinstion for 23 December is 23.3° south.

3. Correct the clock time used ia Foochow to the local apperent
tioe. 1 b as the equstion of time is osgligible for 13 De-
cember, 80 correction is mada for it. To correct for loagirude (4 mio-
ute of time per degres ewsy {rom the time 008 weridisa), (120°
~11923") v (4) = 3 mioues Siacs Foochow ls wem of the time
200e atidiao, the sun will 0ot reach FOOChow as soon ss it Joes
tbe place for which the clocks sre set, sod queasly the 3
for longitude will be subtrarted from clock time: 0600 —3 = 0437
hours locsl spparest time.

4. Salect tha 23.9° daclinstion char, lacicuia CONTRARY (placs
£2). Pollow tbe vertical 76° lsticude Line up to 0337 bouss (sbout s
balf inch below the 0600 bout curve) and resd illuminstion s
2.2 X 10~* fc or 0.0023 Ic

3. Check by looking at the 25° sad 30° tstirude chars (platws
G aod 3): 50 0557 i latiruda 1%°, illumiastioa s 3 3 104 {c; a1 0337
{a laticude 30°, Wuminstion is 7 X 10 fe
Py lucerpoletivn, the iuminetios lor 0397 io ladrude 26° s
119 X 10-* fe, or 0.00219 (c. Refereoce o wable | shows that this
light obtains whes the altirude of the sun is spprusisuuly —10.80°.
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Example S
PRODLEM: Piad the opprosimete timme of somwrise ov smiss ot o
Siven ploce ond dase.
Given: Chicago, lllinois, 21 Decsmber,
1. The pasitica of Chicsgo is €1.9°N; §7.6°W.
2 Prom figure 3, declinstion for 21 Dacember b found © be
23.5* south, 0d the equation of time is 2 migutss.
3. From figure & the illumination st sarite 10d maset is found
w be 42 fc
4. Oo placs 7 (W0° hnmdt)d'ul}.i'tmmx-duﬂlcu
sbout 0720 bours
5. On placs 8 (43° lazirude) the 23.5° C curve reachey 42 fc
st about 0737 boura
6. By intsrpoistion, we get 0723 bours for susriss or 1637 bouns
for suamt.
7. Couvert this local spparest time o CST. Firs, look up the
equation of time (fg. 3): ~2 minuoes, and suberace it sigebraically
from muo time®

0723 true o time 1637
~1 amisutm (equstioo of time) _-;2
0721 oo ma tme 1635
Then siso correct for icogirude.
90° CST woe meridiss
87.6*

24° X 4 mioutes per degres = 9.6 minutes
0721 = 10 = 0711 CST (or 1633 — 10 = 1625 CST).

Example 6
PROBLEM: Find 1be sun’s altituds of o givew time ond place.
Given: New Orlesos, La., st 0800 bours on 16 April.

1. New Otlesos: 30°N; 90°W.

2. From figure 3, the declination of tbe sun of 16 April is found
to be 10° north.

3. Tha equsatios of time for 16 April (fg. 3) is fouod w0 be
2ero and, becsuse New Orlesas is 0o s woe meridisa, there is oo
cotrectivn for time oecessary becsuss of loagitude citber.

4. From plate § (30° Iaticude), illumination foc tbe givea time
is fouod 0 be 4600 fc.

S. From plats 29 (declination 10°, latitude SAME), cbeck the
0800 curve whers it crosses the 30° latitwie line; sguia the illumios.
1iop is fouod to be 4600 fc.

From iaspection of the basic curve (fig. 1), which gives illumi-
necion as 8 function of solag sltituda, it cap clestly be sen st
lhl degree of precision io determiniog solar shicude from tbe
illuminstion is depend upoo 40 equally peecise resding of illumi-
nation. Sioce ocoly tbe approximste illumiostion for s give: time
sod piace cac be read fiom the chara, it follows that tbe wos

aldeude cas caly be spproximeted is this omener. It may also bo
ooted that, since the basic curve is for the sversge valums of illumins-
doa for sverege clear days, oes caaooe, by taking s meter out of
doors and pmking oos messurement of the illuminstion st asy aos
time aod pisce, deduce that the sus will be et the correspooding
sltitude w given 0o the besic curve (fg. 1). However, sivce tbe
sltitudes for the sun were first acc {y calculsced sod
iog values of illumioation smigned as the besis for the oumbered
pisces, it is perfectiy good procadure o determioe the sun’s altitude
from the charts snd table | for soy placs aod true mn time

6. Thus, baving ascarcined the illuminetion from the chara,
turn to able | to find the solsr eldrude cocrespooding two 4600 fc;
this altitude is found w be 31.2°.

Example 7
PROBLEM: Fimd the sww's sltitude ot 1600 bowrs om | April in
$t. Panl, Mimnesote.
1. The posiiion of Se. Paul: €¢5°N; 93*W.
2. Decliostion for 1 April: 4° porth (6g. 3).
3. Equation of time for 1 April: —4 minuces (fig. 3).
4. Correct time for Jongirude:

—93¢
“73° X 4 miguses per degeos = —12 minutes
1600 bours CST
—12 misutas
1548 bours loca! meso tice
5. Correct time for wqustion of time:
1548 bour local mesn time
—4 minutes
1344 boun locsl spparent time
6. From plas 8 (latitude 43°) the illuminatlon for 1544 bours,

doclinstion 4° $, is found to be spproximately 3600 fc. From table 1,
cotrespooding solar altitude is spproximacsly 26°.

Example 8

PROBLEM: Find the tsme each day of the year whem, ot & given
place, 1he swn will be at & covisin altitude (or when o
cortain light level will obrain &t & givew plege).

Given: New Orlesns, La.; solar slticude 26°.

1. Position of New Orleass: 30°N; 90°'W.
2. From tsble 1, determioe the illumination at 26° elfticude:
3600 fe

* [0 coavertiog from (ree sus tme (84 giveo oo (be cbacus) o maodard
tiame, it s ocosmery o reverse the Procew used is cosvering suodard tiee
w local spperect time. (8 this case be equados of Ume & thareiore wmb-
trecved algebrually. The correctios (or a loegitade aast of e 200s meridisa
s also suburected
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3. Ou plets $ (30° laticude), piace s sraightadge ecroms che
pege st the 3600-fc level Each curve repramsc s gives declinstica
which, in turn, cocrespoads to rwo days of ke yeer (Bg. 3). The
points st which the streightedge crosses the declination curves wiil
give the bours 0o a sufficient number of days o make s cxaplets
yearly ploc

Example 9

PROBLEM: Compers the saricns lovels of light that obisin =
varions pleces of difforons latitndes along the recse
meridion of longituds o8 any one particuler inssent.

Given: 1000 boun local apparest ume oo 19 Jeouary.

1. The suo's declioation for 19 Jeauary is approximetsly 23.9°
south.

2. Lovk, then, ¢t the rwo charts for the declination 23.9°; chare
42 (for latitudes CONTRARY to declioanoa) sod chart 43 (for lati-
tudes SAME as daclipetios). For the given dsts, placs 42 thea rep-
resros the oortberu bemisphers and plats 43 e southern bemi-
spbere. The left edge of plats 42 is the Norxb Pole; the right sdge of
plaa 43 is the South Pole.

3. Trece the 1000-bousr curve through bodh charw w obtsia
the various levels of light ocrurriog along the mme meridiss of
loagitude at tbe mme time. The 1000-bous curve warts st 3.8 X 10~*
at the North Pole sad risas very rapidly south of 84°N. The light a¢
69*N is 1 fc At the Arctic Clrcle (66.34°N) the light level is 10 fc
At 32.9°N it is 100 fc and it reaches s maximum of more thaa
9000 fc at 23° N. Becween 25° S god he South Pole it drops {rom
9000 fc to about 3100 fe.

Traciog the 1000-bour. curve jo this mecoer is io effect tracing
the ligbt level from the North Pole 1o (be South Pols by goisg
directly sruth oo & meridiao sloog which the kcal spperent time
is 1000 bours.

Similar hour curves may be compered. However, it thould be
borne in mind taat, usless 0oe is comperiog places co the mme
meridisa, slowancs must be takeo for tims differvaces.

Example 10

PROBLEM: Compere the light ot verious places of diflerens lowgi-
tude slong 186 somc pavellel of lasisnde as omy givew
nitans.

Given: Philsdelpbia, Po; Denver, Colo.; sad Reno, Ne-
vada, 8¢t 0800 bours, EST, 21 March.

1. Pusitivas of cities giveo:
Philadelpbia: ¢0°N; 75°W.
Denver: 37.8°N; 105°W,
Raoo: 39.9° N; 120°W.

Por che mis of chis example, we can comsider 39.8° sad 39.5° as 40°
lasivade.

1. Declismtion for 2) March is mro (£g. 3).
3. Equetioa uf time for 21 March is —7 migures
4. Coavert 0800 bours EST to the local eppervor time ia each
cley.
Philedelphia:
0000 bours EST
0 correction (or longiteds
_=7 misuces (correction for aqustion of ‘ime)
0753 bours local spparent time

Deaver:
0800 hours EST
~2 bours (correction for loagitude; 307 X —1 bour per
sch 15°)
0600 hours MST
=7 mi (coerection for equation of Ume)
0333 houss local apparent time
Reoo.
0800 bours EST
_=3 boun (correctioa for longitude)
0300 bours PST
~7 misuos ( ioa for squatioa of ume)

aﬁbodnloaloppmuﬂ

5. From plate 7, we find that:
8¢ Philadelpbis the illumioation is 2800 fc;
st Denver the illumiastion is 30 fc, sod
st Repo tbe illumiostion is 0.0004 /¢

Example 11

PROBLEM: Compare time raies st which 1be illumication changes
i different parts of the world emd/ov &1 vevious day;
ond bours.

There sre big differences i the rwe of ascursl illumiastion
changes. The slopes of curves deoows thess rates A saep slope
depocss & repid rate of chaage. A flat slope s gradusl chaoge rute.

Siace cbsoges in the illumiostios sconmpsay chaoges io the
sltivude of tbe sua, 35 sbowo io (be be ~ ~urve, it follows that where
the suo axwods most rapidly, there aln. will the illuminstion in-
csenss most rapidly. Also, the coaverse is true.

The stespest portion of the basic curve lies betwoes —7° aud
~3°, wbaes the illuwpiostion chaoges precissly ooe order of msgoi-
tude; 0.1 fc to | fc, bence, by s facior of $ per degres. This fact,
couplad with tbe fact that the sua rises faster st the equstor then
ot a0y otber latitude (0.25° per mioute), gives us the maximum race
of incwasm of |Ilumioation of coe order of magoitude ic 8 mioutes
of time: 112.3 per ceot iocresss per rolguis.

The slowast rate of chaoge occurs st the pnles — st tbe Norh
Pols srouad 22 December sod et the South Pole sround 21 Juoe.
Here the rute of chaoge is 0.014 per cent iocresse per miauce.

By compatison, the fastest rate of change is 8000 (imes the
slowem rate.
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Example 12
PROBLEM: Fiad 1he remge of velan of illumingtion 1brongboss
o given doy & any pives plate.

Given: 1 Juos, Sea Praacisco, California.

1. Prom s crude gyap the Istitude of Sen Fraocixo is approsi-
metsly 38°N.

2. Prom Agurs } the declioation on | Juoe is fonod o be 22°N.

3. Sioce the decliostion and the placs are boxh the same (both
nortb) select che 22° § curve oo the chart for 35° latirude (plats 6),
sod also the 22° $ curve on the chart for 40° lacirude (placta 7), sod
ioterpolate for 38°. Values for 33* laticude range from 3.2 X IN-?
fc a1 midaight 10 11,000 fc st acon. Values for $0° reoge from
342 % 10-* fc st midaight 10 10,650 fc st acon. By intarpolation
it is fouod that values for 38° raage from 3.3 X 10" st midaight
0 10,800 fc st oooa.

The same limiting velues may bs obcmined without ioterpols-
¢ioa 0o the chart for 22° decliastioa, latitude SAME (place 41), but
the intermediscs vlues and tha character of the ratee of change
tbrougbout the day are oot s clearly pressnced.

A curve for 38° laritude cao be plosted (rom 13 poiots taken
dirently irom plate 41, ng which 11 even bour curves aod four iater-
madiste curves crom the 38° line.

lo plotiing the illuminstioa througbout any day ar & givea
place, It s belplul wo incorporsis the correcion for loagiiude iatw
the time swale. This fector is coastant for the place and results
parely i shifting the time scale given io the charws o right or left
0 compeesaws for four minuies of time per degree thst the place
10 sast 0r wewt of tbe time 2008 meridisa.

ANNUAL ILLUMINATION

1o studying the illuminstion throughout a yesr st a given place,
is bas been found very halpful o visuslize the sppsreat path of the
suo during s yese sc that placa. The yearly path of the sun 1
divided into deily peths (diucnsls) for cooveniencs. The sun's daily
poth relative 1o the borizon follows (breed timple laws:

1. The place of the diurnsl makes sn engle with the horizon
of & piscs equai 10 tbe place’s co-lstitude <97 minus istitude).

2. At sny given place the diurasl plsass s,.  alle] through:
out th” yeu,.

3. As «be declination progressss from 23.3°$ 10 23.3° N end
returns, the divrosl also progresses along 86 sxis which
pases through the plece sod is persilel to the polar esis
of the atrih.

Figu.es 7 through [0 shuw the progress of the diurasl throughout
the yest in four diflerent locstioos

On figurs 8, note that oo the rwo dates, 21 March snd 23
Sepuember, 0ot only does 1ba boritoe divide the diurual into equsl
dey end aight {eyuinox) but the diurosl cuts the borizon equaily
between nonb sad south. Heocs, when 1be declinstioa is porth, the
diuras! mests the horizon 1o the oorib of the E-W line. When the
declinstion is south, the reverse is true.

This procem caa be viewslised is asother way: Philadeiphis,
Pa.. lss <0° aorth of the equator. As ¢ coomquence, the spparent
path of the suo, the diumsl, makes 50 sagle of 30° with the
Philadelpbis horisoa. Ou 21 March, the ma riss spproximately
dus east st spproximacsly 0600 hours trus sus time, reaches due
south 81 aoon, %ua time, st 8o eltirude of 30°. sad seus approxi-
mataly dus wam at 1000 bours, true suo time. By 1 May, the sun’s
decliation is 13° sorth. On this day, the sua rises sbout 10° sonhb
of east st spproxismsly 0304, true sun (ime, reaches & nooo sltitude
of 63°, aad eeus arouad 1834 hours sbout 10° sorth of vest. Note
thet the whole diuraal is shifted porth and up, 50 that the 2000
positioe of the sun is higher 1baa it was 0o 21 March by the amouat
of the nonh decliostion. The bighess tbe sun ever gvws in Pbils-
delphis is 73.9°. Thiz is reacbod 0o 21 June. wheo the ducliestion
is 23.9° corth. The lowem 0ooa pasitioo is 26.5°, when the declins-
tioo is 23.5° south, 0o 21 of 11 December.

The ywarly illumiostion at four selecied isiicudes — the equacor,
40°N, 76.5°N, sod the Nonth Pols -~ is discussad io rhe oext four
sactions.

Yearly llumination at the Equator

At the oq (0° lstitude), the illuminetioa, like the wles
alticude, bas the widest range duriog coe dsy of soy place oa earth
— from 2.8 X 10-* t0 11,500 fc. This csn occur twite s yeer, st
the time of be equicozes (dectinstion 0°). Them are the dayy
wheo the sun goss from —90° st midoight w0 4-90° at aoon and
back to —90° sgsio by midoighe At tbe equator st the time of
summer sod winter solsice, the sus gom from —67.5° w +67.5°
20d back dowo to —61.9° (fig. 7).

1o summer tbe suo slways keaps w the aorth of the place (P).
At the wiater solstice (21 Decoember, dacliastion 23.4° S.) the sua
has the smame rsage in skicude as 00 21 June but slweys laop: w0
the south of tbe place (P). The illumiastion values corraip s

to =67.9° sad +67.5° are 2.83 X 10-* fc and 10,290 fc mpnlvaly

At tbe equstor, and there only, the sua rists wichin s fow
minutes of 0600 hours suo time and se1s very close to 1800 bours
sun time every day of the yesr.

On 21 Merch and 23 Seprember the sua’'s altitude changes at
the rate of 15° per bour, sll dsy eod sll nighr. Berweeo 0300 sod
0700 bours the muo's altitude cbanges from —15° w0 +15° with
correspondiag illumiostion of 1.4 X 10°* w 1723 fe. Oo 21 Juoe
sod 21 Decamber, betweeo the same bours, the sua’s sltitude cheoyes
from —13.9° o +13.9" with correspoodiag illuminetions of 2.9 X
10-¢ to 1304 fc. Tbe diflervaces iu illumiostion raoging over
sny given 1-bour laterval prior 1o 0500 bours st the equator are
lmperceprible from cne dsy to sootber. For, even tbough the ligbt
of 2.9 X 10-* fc is rougbly twice 1.4 X 10-* fc, botb sre et s vary
low level, whare ¢ (actor of sbout 10 10 | is oecesssry befors tbe
differcocs is perceptible. Likewise, the differvoces from day to day
for eoy succesdiog hour sre too smsll to be recogoitsble eveo
for o tiz-moath period. A summary is giveo iu table 3.
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TABLE 5. Ulumisation e the equaeor.

Ilusieasios (i)
21 March and 11 jese ead
Hosn 23 Seps 3t Dec
Mideighs 28 x 10~¢ 283 X 10~¢

0300 14 X 10-4 29 % 10-¢
0600 [} &8
o7 1728 1904

1030 10230 9120
Nove 11,500 10,250

Yeorly llfumination at 40°N Latitude

Plsts 7 shows tbe illumination for s series of dsys labeled
sccoeding 10 theis decliostions. By inspectioo of plste 7, cos sees
chst the (urves are generally similar. They oll starx ac sbouc the
sams jevel st midpight and reach iz2y tho th ds of foot cand)
by oooo of each clear day througbout the yeae. Thus the over-all
range of illumication is very similac (rom ooe day t0 anccher, The
changy from 10~* w 10* mkes sbout 2 bouns sod 49 minums io
midmmmaer aad takes sbout 2 houss and 38 mi 00 21 Dacymb
Berween 10-* and 10° the shape of ooe curve for coe dsy is aimost
idevtical 0 the shape of the curve for evary other day. And sinca
the slopas of tba curves are 30 similae throughout the year, it memos
that the race of change frow ooe value 10 the pext within & givea
beod s pructically rhe same from dsy to dsy. Howuver, you will
oot that the big chaoge io illumination, from sarlight w well
icto deyligbt, occurs ar & differeat time of dsy every day from Juoe
t0 December. On 21 June it rakes place from 0144 w 0330 hours,
whergas 03 11 Decemmber it takes place from 0337 o 0830 boun.
it follows thet the darker levels oa one side of tbis suep slope,
and the lighter levels oa the other, change io durstion from day
to day. Henuy, it follows that che nights sre roughly 334 hours loag
io midsummar compared 10 (2 hours loog io midwiater.

Tae most ooticeabls differenca betwesa dsys chroughout the
year is the amount of light that obtaing of jome one given Dowr
of different days. Altbough some differsoces occur st this facirude
sround the noon bours, the big differences ovcur withia two houn
(plus or migus) of suarise or sunser. For exampie, aake the bour
0330 (or 183, which has the mme light valuss). Oa 21 Derr nbet
8¢ this lstitude “"when the day is clesr,” the light is sligbtly lem
than 5 X 10-* fc. Wheress, ou 21 Juoe chere will be 10 10 20
million times that amouns of illumiaation st 0330 bours

About | Seprembar the sun rises e 0530, giviag 42 fc, wheress
s month later the illuminstion given by staclight and the pele
twilight is 00 more than the value of bright mooalight st that bhour,
0.03 fc. Of course, a high full moon could add apother 0.03 and
make it 0.06 fc.

The poon illumieation differs over che six-owath period from
sbout 370 fc on 21 December ro 10,700 fc 0o 21 Juoe. Such a
difference is 0 emsily perceived by even an observant eye ualem
tbe chagge is very rapid. However, the cocresponding difference ia
heat from the sua is quite easily fel= The aiticude of midwummer
0000 tug ot 40°N is 73.5°, whberess the msidwinter ooon sun is oaly
265 aliivude (6. 8).

Comparison of the tacruing bours on differenc daces ac which
seveo selected light ievels occue st 40°N latirude is given io sble 6.

TABLE 6. lUumiastion st 40°N.

Hours of Ocrurrencs
Nluminstion 21 March sad

(L4 11 Jone 23 Seoe 1l Dec

10-¢ 013%0 04\ 0332

10-? 0319 ot 0618

41 (suaries) 0430 0397 0720

1000 933 0687 v 33}
3700 700 0820 Noos
8000 090C Nooa -

10,760 Meoo - -

Yearly lllumination at 76.5°N Latitude

The latirude of 76.5°N bas besn chomn becsuse the vorthers-
most lacge wttlement oo the earth, Thule, is ac 76.5°N, sod slso
because it was st Thule, ia 1946, cbat the writer collected s large
quaatity of dats oo the illuminstion, without which thess Natural
Jluminstion Charts would protsbly oever have bemo prepared.

The mon smsting thing sbout the illuminstion st Thule, or
sny place else exurereiy far oorth or extremaly far south, is the
amal} change over long periods of time ia midsummer sod sgein
in midwinter — the gly endless light io mid und che
endiess darxoess io midwicter,
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At sach oear-polsr places the sue goos sround the borizon in
gondle sloping plane ruther then mesply up, over, sod down At
Thule che place stopas only 13.3° from the borimorsl (6g. 9).
When this whole plupe is 10° or more above the borizon, as it is
in mideummer (AB, fig. 9), the light of oue day runs right into
thut of the oext coe without much spprecisble chacge

Toe sun’s climb from midoight to 000 sems very slow and,
wheo 0o0a finslly comes, with the sua's rays slscting dowa from
37°, ic is bard to realize thac bere is the highest sun of the year
sod the lightast it ever gew

The difference between 1019 fc st midaight and 3660 fc at cooa
is really oot very large. Ooe thousmod foot candles is sbout the
light that exists wheo there it 3 bigh fog obscuriog the run’s disc
duriog the firnt week of September around [0 a. m. io Sao Diego,
Califoroia; 5660 fc is the light experieoced ac kick-off time oo s
typiaal clear, cool footdall day ia Chicago.

The difference berween 1000 sod 5600 {¢ sccompanies a change
ia tbe sua’s alticude from 10° aod 37* st York, Penosylvacis, for
example. berween 0745 and ooon of s clear day when tbe sua
rises around 0645. A person io the United Swates can experience
about this mme chbaoge by welkiag scroms the street from the shaded
tide to the srony side ia the middle of the sfternoon.

Since there is a great desl of fog and overcam all aloag the
weytern coast of Greenlsod duriog the the y of
nescly constant light is even more pronousced, for fog and low
strucus clouds have 30 eveniag effect. Ou the other hsod, wheo cold
fronts move throughk sad sati<yclonic cooditions prevail, the sky
clesrs 10 an iotense blue overbesd that is truly brestbukiog snd
the visibility of mountains 100 miley or more distmat is restricted
coly by the slticude of the observer. A clearing aiso changes the
geometry of the lighting, producing sharper and more cootrasty
scenes, loag shadows, aad more, much more color. The ievel of lighe,
howevet, doeso't chaage appreciably.

Between 1| November and 10 February the sua does oot tise
st Thule, Greenland, as showo in figure 9 (JK-LM). Duriog six
weeks of this period, berwees the first of December a0d 13tb of
Jaguary, whea the sua stays below —B° the light is most moaoto-
oous. (locidentally, the thermometer stays well below at this time
also.) A sll otber tirmes of clear weather, even in “the dark of the
mooa,” the light at midday is st leasc equal to thet of a high, brighe,
full mooa.

But even this chaope from scarlight 1o mooalight sod back to
staclight aguio day after day afrer day becomes very tiresome. Ac-
compeaying this rather slight varistion in illumination is the
geoersl sameness of the surroundiog scenery. Without the moon, the
light that exises is 30 diffuse chac the world is simost cuampletely
shadowless Add o this the uniformly white blsaketr of soow which
lies everywbere and frequently 6lls the sir a3 well, sod ooe can see
bow eerie the pule light of the long wiater mooths caa be.

Still there is great variery in the hight at Thule, Greenlaod.
Ualike the tropics, bere thers are four dimioctly different types
of days as far a3 broed light levels go:

1. Daylight only, when the sun stays cootiouously above the
borizoa. This occurs from 24 April o 19 August (6g. 9. AB-CD).

2 Sunlight end cwilight oaly, from 20 August to 3 October,
and sgeio from 10 March t0 23 April

3. Sunlighe, cwilighe, sod aighe, from 6 October to 30 October,
and aguio from 11 February to 9 March.

4. Twilight aod nigbc oaly, from | November to 10 February
(6g. 9. JK-LM). Note that cven i3 midwiater there are ac least
four boun of nautical twilight, weatber permitting ‘plste 42).

On 24 April the sua rises but does 0ot set.

On 19 August the sun does oot rise, but sets

From 20 August 0 1 November, sod sgain from 11 February
to 23 April, the sun rises sod sew.

Like every other place oo the zarth, exceptiog withio s few
degrees of the poles themselves, the suo is sbove the borizoo snd
below the horizon for equal periods on tbe equicoxal daces: 21
March and 23 September (fig. 9, FG).

Table 7 is a summary of the runge of illumination throughout
the year. It does not sllow for the equation of time aot the loagitude
time cocrectiog factoe for Thule. 1n table 7, 11 February and 1 No-
verober are showa as examples because oo 1! Pebruary the first
sunrise of the yeae can occur sod oo 1 November tbe lase. On these
dates, the declinstion is sbout 14.3° south (6g. 9. JK).* The sun
rises aod sets very cesrly due south oo thess dates. On the ocbher
haod, sround 24 Aptil, the sua rises almost due oorth snd does oot
set. On 19 August it starts settiog aguio, due aorth (fig. 9, CD).

*{f tbis decJinannoa occun before ocoo 0o 10 February, there will be
s suorise If it occuns shwr 000a 0o | November, the sun wul rise thet day
uso. If oot (snd there i3 o slight variatioo esch year), the wo wou't rise voul
11 February oe sfter 31 Ocrober.

TABLE 7. lllumiostion oo sclected days st Thule, Greenland 765°N.

Llusussuoca (k)

r
=
11 Febeuary and

24 Apnl sad
19 Augas

1 November 21 Masch and Sart sod

21 Dxcember Firstand Last 2 Seprember  Bod of Coo- 21 Juoe
Time Mad wiater Deys of Sunrme E Sua  Miad
{boun) Decl 33.3°(C) Dexl. 14.3°(C) Ded. 0 DecL 12.7°($)  Ded. 23.5%(5)

Midaight | 3.1 x 10-2 3.4 % 100 29 x 10-¢ I 10:8
0200 31 x 10-3 3.6 X 10=3 1.1 x 10-8 108 1250
0400 3.4 x 10-3 43 x 10-3 14 x 10-1 s12 1943
0600 3.9 x 10-¢ 1.3 % 10-¢ 68 1342 301%
U800 835 x 10-% 63 x 10-3 621 140% 4300
1000 9.7 x 10~+ 102 1238 3268 3300
Nooo | 4-3x10-3 i 1504 3640 3660
A-21 2t
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Yearly lilumination at the North Pole «

It would be mislesding to my that st the North Pole every
day is diferwnt during the two siz-cwath periods berwees 21 De-
camer sod 21 June. It is misleading elso w0 ey thac thers are six .
sooaths of deylight and siz moatbe of oight. For soy given dsy, the i
light chuages not st ol seve for the iaflusoce of the moon or the L
weather, or boch.

At-uu-.m-u.whnhanhnn.upp-ntonyu )
oo place io the sky. When there are ref d oo v
:hiuthomoppunn.ocmadcbchadm(ﬁ;.m)bmum i
up, ovee, s0d dowa as we normally thiak of its deing. It akes nesrly 3
fous dayy for the sun t0 rise or st [t stays Lerwesn 23° aad 23.9°,
ity magimum sltitude, for six weeka

lodependent of the moco's influence, the typs of light condi.
tioas that do accur at the North Pole are a8 follows:

Full oigbt oaly 14 Novernbet to 29 Jaouary
Amrooomical twiligbt 30 jeouary t0 17 February
Noutical twilight 18 Februsry to 3 March
Civil twilighe 6 March 0 18 March
Suariss 19 March w 23 March
Higbest Sua (3100 f¢) 10 June to 3 July
Suaset 21 Septeber to 29 Sepreamb
Civil twiligdy 26 September w 9 Octobet
Nautical ewilight 10 October to 29 October
Astrocomical twilight 16 Ocrober 0 i3 November
(Sew slo wble 3).

CONCLUSION

1o coaclusion, 1'd liks to mencion s fow of the falie impremioos
that magy people scquired wben they were cbildren and which,
unfortunatsly, maoy of us retained for too loog 8 time.

O = a—r—ar—

1. It is wroag to refer o the quantity of light io broad carms
of ¢ om or day ooly, ruch as 10 mioucas after suasce, or 30 micutes
before dawo. For st 30 micutes befors dawa the light csa be aay-
thing from ons-teoth of 8 foot cundla to 30 foot aodles, depoadiag
00 the time of yesr 20d the placy you are wikiog sbout.

1. Days canoot just be divided between day sad night The time
of year and che latitude of the placs, as well a3 the bour of the day,
effact wide varistions in the sltirude of cthe sua sad bence, the light
There are s wide vaciety of types of days sod rypes of aighes s !

N e e w te o

-

fat as light is concernmi, from the equstor (o the poles — ome il
darl, some sil twilight, aod s0 o0

It is oot slways dsck or rwilight below tbe surface of the sea.
The light wichin the s varies grestly aod depends on s cumber
of things. The smount thet eaters the mm depends io large part l
on the amount resching the surface from sbove, w that the charn -
coatsioed in this book may be a guide to some degres io visusliziog !
the light withia the seas st shallow depehs ' .

3. It is wroog (o consider mersly coe velue for starlight, coe l '

value for moonlight, coe for twilight, or ooe for dayligbe, sioce

io esch oot the illuminstion reoges over s wide scais of vulues

See the discumion of illumination levels (p. 3) and table 3. L
4 1t is false to my that there are 1ix montbs of dsylighe and .

3ix mooaths of darkness st the North sod So-- « Polen -
3. To the commoa espression, "It slw., s seems dackest juse .

before the dawo,” should be sdded ™ ... actually it oever is, you
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